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wMzix %m$$-: am mteMitmMty mi?mhuw& min imm&ii so* 
j?*&t*e etf&Ss Both pr*?eM*ihad ..t&Mml.gem therapy m* 
s^rei* have been progressing nipidly ritoring the past 15 
ye&rst ge?ie ilwtiigy ismm' a hh>ft$y promising aew mod si- 
lly tor the ir$om«erti of msraermss htrmon disorders . Smce 
the first eiktkal test M geoe ifterajty m i$i& y mmethmtMi 
[ptm therapy protocols hove freest approved* aod more 
than p^tksls hmz received ges*e therapy* However* 
at the iHti« or wrkh*& this article* **o gem* ther^pj pixxht^s 
have bmn appr<r*ed for ehtweal &ise> This arifcte- es$>Mo,s 
the pot*oija$ elfoiea* se<*pe #tgm£ th$mpy m$ thz muter- 
■teiiig ^mtm^^^k^l prkttipes> 4^?ihm. mm%: of: the 
major ge«e tracer systems iw vectors) thai **re to 
deliver geoe&to their i&ty&t sjfo.es v&«.d &tem$pti i&$ varies 
strategies for reatroilbrg expression of thenrpeotk rrao^ 



genes* Safety issues regard:** jg ehnkad use of ge&e Slser&py 
are explored, atnl the rnost important feehnieaS challenges 
taehsg thfe» fkM of research ar^ f%hhghted. tfeis review 
shoohi serve os m mit&M&*W to shfrjeM of ge»e 

sekotssts hi training* jrraetking el*ofda«s* smd other st**> 
de#s of medk.hie* 
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G :ens : '|j^r&^ therapeutic proce> 

dote kx whiclv g^^es are inteniM>nalh r j.fnroduee<i hm 
fmmm somatic ^^H^/ Bowevctr, a broaiicr definmati 
chiSm ^otb«ase therap> aj)d rek^ied approaches kt which 
•stet ^Eg^a^cfeik^js arc ase^ im. it^lferl ge^:^ «spressio« , 
as well M hoH5^kj!g0«s- ret-ornb ix^tfe^ wfeeim m^iiclc ^ 
id¥ xm&: to rep&k ^jseas^-e^sing: sM^ations m the; 
chromosome s<)i:nMic: cells, Of hri|Xa1i?aic^ s tms defj:tu> 
tion cxckiiie-:> genehc Hxo4ifk'ai:a>^ of the gertnlmc for 
lfeaj^h?&^f^ 

h:aieed, gre^t ctire is -take** to svo Id l^v^^- ^rtTilfe 
traosfcr \\fim gm&thcKipf is mi^isicreck 
io eorur^st to corive^tionai ;sm iffl ■ moteeuk drug ihcra- 
pies., which us^uiily h a ve a imu sieot effect <>o their rm>fecu^ 
lm t^rgeis. geoe terapv usaaOy results m a: pejTtm«etir 
chaage m the genetic ; coosutmiori q£ tlie t^egeted somatic 
cells . Ocncs caih deli vef ext di^ctlv : l0;;t#r|^t;^i!s-^ ihe 
1x>^v tin vivo $&tiv. therapy V, or alt^roaiively, the t£trgc:t 

from the t^otec^ki? ^^Icioe Frf5g><:^, tt&yo Okm, ^oeh.ester, 
:tvrih?t ; Dr '^s^H k a *eemee? of ^ tae ^<$yc Ct;?^c Q^ooiics; ^-ice- 
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l^ultiote iv^eio^ Resoarcn Fun^;. i&i Harold W. :£&e#?*S: Poeaii;^; 
tion, tac <"iac^e W. e&enberg, Fouoda^or^. ^ : M08« #I 
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cells t^rn be expiaate 

hodv before they are re irtiphvated Spto the pt ^etjt (ox vi vo 
gene therapy) (Figarc iK Bs v<vo gene thorny requires 
iieoess to adv^eed iaix>?:^toty faciei ues m mifch Iwmm 
cells or tissues can be processce! io co?nplhiT'tee whh regaia- 
ho^s o f ihe Fotxt ?a>d Dru| Admvotsttaikm. 

mm mm $mm m mm& ?Hm?m 

;M- afc>rorpep^oned: r ££oe thempy aki^s to chi^ge t^o gc- 
aetk constkution ot somaoc eelk by ger.e repair , ge^e 
sappr^ssios^ or gerje ; s^h soo, H<TOo!ogo^s r^combl^tU-iop 
is iie Recess fry which gene detects can he rcpaked. Toe 
a^^ortmiigenesegmeot insottl^o, 
or doierasa is exeise<l^a^d: ^p^c^ with oor^et^ 

tecia^e>k)gy > the process Is extremely ineftlciera: such that 
only oceas iooai eehs axHi ^paired correct y Gmm soppx es - 
sfem cjra l>e achieved teyugh the ase of short tiociiek: heM 
seqoences thai taxg^: spcoiic iraisseivger RNAs (m^&AH) 
m the celk Riho^yaries are more efneicra thaa a:adse?ise 
ohgomjcleodde* m this reg^d beeiuise they liavo catalytic 
jk:h:vity m$ are abile to cleave the target mRNAc* Similao 
ly y ipfelbitory: RNA as Mghly cfocient )>ccaase 1? recrans 
ee^fclar eoxyt^ coh^pfexos to degrade the targcied xoRN A ? 
'ih gene addhmo therapy y o>omait copies of ihe gene are 
sidiiesf to a cell svithora- disrupting the es:i>re^sh>n of odief 
geoes> Thxs can he achieved with reasonably high tWr 
Cicnc y aod prov Ides the besls tor most .awm : gene therapy 
approaches. 
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Pkg^xo b Bx vivo dek) ark xosko frkkb mm <ki kx^y *xtxaegks: fscx ^M^fw4p\^%: 



In prine-pk, a^ human th$eac*fcs are potttntkdly ame- 
xtabk to geraMkerapy approaches. Poor kxi>ad. categories 
of gsae therapy- ate feeogrdsed: eompeosaooa for gene 
de fee? v o snoo (i^he&n^^ ey*oK>>ue or and prohfe ran n e 
xysx*o dxeranyx and hxranxta^axmoia^ry gene ifxerapy , 

Cktae therapy has <>bxk<>as appeal for dxe treatoxen* of 
xKheri&ri smsk -geixe disorder*, p&tfiemmly *Xto*e fe*r wti ;cfr 

are xoete fe^ 

the exoxeoe bask and pakKxgenesk of the disease. Certaox 
nptabdrr* lead only to p$o*$xn deficiency hexne- 
phkia) axxk are poteadaHy amenable to treatment by adding 
Ml! eopxe : < of <ho damaged gc rx<* . Orher o relations kad 
k* prodocko?; of a ivxtrxM ^AU^ra pmfehM^- hoix^ogk>bo^ 
S and skkk cd> aoexika) and cannot be com-.ekxd xaxbss dxe 
harm hk proton* can be sxippre**exi Thexdorxo ske kksd 
sppxoadx- to a xbgk-exone disorder k fail impair oi' the. 
gerKak defeei , thereby ahkntmg the nomad poach* and re - 
pk*dm> k widx sis normal ooen*erparr Hxraxn >-et : as a£ktsx : 
Sti&)goft£& gene repuk is tedtaik&Hy chaUen^iags An addi- 
tional kxenxr to c<*askkr m compvmMtm f ox skagie^gaoe 
disorders k; ^x-e.fsxbdky of ossxso padxoiogy > For ex- 
aoxpk , aojxe rherapy for I ysosomai storage dkxxrdets shook! 
bo koptexxroed. be-fore ; rrex eoxihie braxn rkanage has oe~ 
extnxxkand gene dxe?apy k>r oy^oe Ixbrosk: shoald be knpkx 
osenkxl before btn^hk'Otesss has developed. 

Uss is® ErsgM^Mg 

a%;oxe etipneekng eoxxxrs homxaieroks aeionoea eed 
and hsxix?cokuxoxned:axk + stomeek tecxnxoiogVsa^Sgeno 



traesiw ^ehxio^ogys A x^eraxai thet^xe x^ the. exeaikjk of 
gened^ahy engj:oeered eefls or t^e^ with iK:<vekprefper- 
bos thxx^o^k the -;es prossxorr of kirxaeolhxhb : protokvs, mexo- 
fenme. prntek.^r, or ^eere.jed pootek^ bavin g ek^e?r sho.rt- 
xaxt|p ox ioxif -range i^tkotkxs . E^aixipfe^are as •Mtexvs : ( i) 
exytkxotsxkeikv (HP0) gxoxe toxo,sfor tog, imo or 
oreat jo n of EFO -seerttkn g neo -x^rga^i^ kx regnlate red kkxt^i 
cek po:<(kiotk>n xo xeoai kdlnre . ' ( 2}. e xprx^s?on of inter- 
lenkko i antagotnst^ in fxklatned jxkxkx to xa^pp^ 
fhixoxnabon;M';rtoxpross:?o^ of vaseolar exidoihekal growth 
:kieror (¥£GF) or fibroblast:; ftomk faetox (FGF) m is* 
ehexrno dssxies k> protnoxo angiogenesi^ . : (4) e x predion of 
nerve grow th |k<a or in xxe ata) store exdkr xnxpkoxfcd nm dxe 
snbxiaoba nigra for t^mnent-af Ftirk^^>.n- d-^ea^. fx) 
expo:^ioo^n x^f okkioex^ "k- 

m target thexn agabm eajxeer andgensf aad fof o^pros - 
sion of ok^;?nx>thetxipy resx^k^ee genea in jxom^al ho^ie 
xnao;oxv poxgextktxs to oxoieet agxoasi ohonxothenxpy -in-: 
dtieed. nxyeaxsnppx.?ss.k>tL <<y 

<^yto::edxxeixx^e-aotipsx;dx gone therapy has par* 

iiexdat refeva?K.e ^noxon.ly bi eancer bnt a.ko in eardxos^-sea- 
bx disea^o ?« svbaoh k can bo x^od -o pte^^ru re^t^o^ ar<d 
vessel reocektsk>n by eombunag: vax.<akar soxoodx nx^rseb 
ptolxferaoon aker aogk^plasty . Oenes nsed for eytorexkio- 
$jon tneiatk dx^g sex^kbvky genex, xdsx^ ikaox^a as sakxde 
gexaxs > xvk k-h reader ooxk x^on^ ktx^e kx axt sxtkenv ko noxr 
kxxk: prodrug . I'he rnear widely used sokade gene is thy rob 
dhxe khxasio fFK) from :dx< korpes x kojxk x vjra^ , whieh 
pkospkexvlates the prodxeg gax^eklx?s ; i r hue a kxxie elrng 
tonxioxt gaxa'kxork MpM*jphS#^ Uudor x:ox1.ain ekeurn - 
stano^sx xieath by apt^a^s is: pn^xerred t<s neixxobe eeil 
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F\mrv 2. Thz Ati€s of geas ddrvery. The target cell may .fee : a 
cell, si faliy xM&w^m$<i m\\. or a,'t»nw-celt Tae yc«s$r- 
mxwl gala access in the target ceil . Bbid*ng to the targe*cei:l te&ds 
io immikx of gerictk mimvM. into- ths eyia^lasm ah4-ts:%$jx*ft 
lain -he nuelens whese the ON A 1$ iratt^rilh&d (expressed). The 
next step is ohosomai nanstahoa v giving rise t& a; finx<hnaal 
pre;eia. 



itmfh -^&:C^ ppsapoptode ;gene trans- 

fer: using > fe$;j^n^|e or a dotninaat ^at^wiwt; 
of eyehn &dd$tita»&l -eytotcm&r- gene-pr^yct*. heing 
explored fm easier thefapy ineltrde ^xmkmt mmm ; 
hi^ogtmcyimi. giveontoteins, which inse minor cslfe into 
im§& nonvi&fde syncytia; thyroidal sodium IMide 

sp&porter; whkhirap ^£di<?a«ii.v^ iodtae mskte tie iram- 

■ImmmKmmnhmty. geas tbeaapy has particular reh 
ewoee to the treatment of cancer and she prevention or. 
treatment of infections diseases. Wten the im:mt antigen 
hm te&xi temiti\&8 and ckna?d, the: gene e*xhog for the 
antigen t viral or tumor .a^ociafe® can; h»e delivered, for 
example, to muscle cells by tf-siag viral or n^vinil vector* . 
Local production of the is then sustained until the 

snaree is dm inmM % tlwimmnns system, Ahomatrvely t 
i$m gs&e :&mi- be tmrodoeed Inm ^iigeti- ^re^ent^s cells 
$a:& h as ^sj^ntio • cells + which dtext used as a eelhdar 
vjK^dsc M \M antigen ge:ne been cloned, then 

^^mxmmim Ceils can M genetically j^xlifi^d to crcsM & 
ecihifcsct vaccine. - SN,? Genss coding for cytokhtes or othet; 
mofeexibs tb : 8i. ^A^e- the ito^i ixnTmis^o ^^^>«se can 1?^ 
•mtr^tee^-d:.ls» tmms scife > which &re then used as ^yaodfts 
to p^m>k^ ^jeeife <mut&s*Kt£ utmiimity , Clcne^ eodmg for 
miedeisfcM 2 , interktikitj 12. gnlxui!ocYi:<^u^e:ro;ph£tge. 
^OJiy-Mmulatlng motor, Md the c^ti'mittotv mofee^b 

'his ve ^il proved io ^ effocd vo m px^c$mmn.l mm^l^ ' m 
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A:.mm> n ix hlmpmn for <i |>0>^x?v. TI:iei^foxe v ^ a dx^g: it 
uo activity until itUm Wen deltvoted into the nuelm of 
& targei a?!!., whot^ h: eao he deaxied asxi csprc^ecj <ts ^ 
functional prmem The key : h> : suco^sM thmwy k 
ihe abtlihy i:& de h;veT the ih«r.a|x*.ut to get?e accot <^oiy y ef*l~ 
cietitly s md safely Inuy $M nmlms .of the tmrgm cdl a».d 
the ability ihc^ancr to control 'i't$. e"<|5ro-^km. In tfe 'Utrget 
eelL l^ey sieps; m ttie g6m. thorapy prooe^^ aeces^, 
b imMm and eatry la to target ceils, transport across the 
cywplmm 'into, ifw mii:i$tM. y m<t irmmriftton md trati^la- 
tioti of the diera|X5 atie pf Otelri (Fi gure 2 ) . The iarget ocUs 
tnay be ste^J cel!^> Ci^^eor celk, or fully dlifej^xuiuted 
cells : either in a th^ae cmiture plate or at any location 
within the body: 

<3s$e delivery vefaeles. sclso known as veetors, are re- 
qitikd fer,^ccm^M deploy^eut of gene therapy : and their 
^r forrxi<tnce seis t ho houndar for what can he atiernpfed 
3h hn^mn gese therapy , 

Key elenieytr.^ <>:f a typical voehc>r inemde a miektc ix:sd 
compoaera- or e?tpre^iori cassette that comprise ^ both the 
therspeuhc geae a ad the regulatory ekur^ents that cotitroi 
gene exofe^^to^ and a vehiole whose pn^pose t$ to protect 
the- nucleic aciti irorn tsscioa#s aud to it w m 

destinahOtt In the nucleus of target, ceils {Figure 3) . ICey 
components of the ve.hie!e : include tt : : ^i^fttce ^".lett^^trthat: 
mediates r^cc'gshtiort of rite target cell strriaee and elements 
:a^edia ti ng stroseq aeut ^aotratioa into the ot>n^cdy idmii- 
Oed t argot cell. A ry^ieal ge^e iherapy vector differs froca a 
^pie&f sro&h drug in thM.it has m aitjple consponents Ml of 
which eatt M m0^^^i^pm^^f tte goal of 

im^vod vector pedoo:n5ute^^^^^^^^^^^ ; ; : 

l^rfcylrai Vectors 

The 2 hr<>ad categories of getie tkihvery vehicle are 
nouviral aud vi^d. Non vre^i vecKsr^ ^fe based on plssrrrid 
OM& that is :grow5i m hactertid hosts m<:^m Bs^Mnchia 
mi-i. iMmnids « ofejte D.M^ moiecnies that carry an 
a at ibiodc re si stance ma^o r gene and a bacterial ml0 \ of 
repUcatron to hiciidjite their atnphf teuton In E emi (Figurt? 
4). A inanimafr^i expressiort cassette comprising a ihera- 
pentic gene wh'h its associated regulatory elements mix be 
inserted inio the pksmid. >% : ai^otnenttonod. racked pl#- 
mid su^cepttble to degradation :hy .•nucleases and 

does not efficiently en^ot mm trtaoirnahaxr cells, Br^wever, 
after inmnin^ertto iulxn:a^i can enter 

into myocyte sraclei , leading to expression of th^e pMsmid • 
.encoded pretehi,- J Viral, ^Kaorkiivaud ttintor jnnlgens e^- 
pressed in dits way can provoke a protective or thera?>e;ntic 
tnmin.ae response^ often mote el¥ieie:atiy than a corre- 
sponding protenr4^scai vat^t:ae<^ Thiis: terrned ^e?^ene 
■mceMMmi.- An ah:er«nrtive approach to aci^ievmg ht vivo 
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ge:ae delivery to liver or nnaade by Jibing racked plasm Id 
DMA b the soxadbd hydrodysatnic approach in which 
t he DMA is injected mto the ei tcaiadoa i n a large volume 
ox iiimSP Apply mg an electric car rem to ihe target she 
ielech:oporakorO can. iUrthtTetihance Si? eft4c£tcy of ^em-?- 
transfer a si a g naked p lasndd DNA, Ho we ver , for more 
eifjeka** gene dm 1 very to hmmm t\*mc, p Usroid DNA 
m&s t lx> i acorporate4 into a fully synthe* k gene t he r a py 
vec tor > eg > asms ro ioroprojectdes or cat I onk 1 tpi&pmtzm 

W ah die .gene gaa app roach . DNA is eo&ted onto micro- 
aeripie: gold Qg-tusgsfctt. p&fiicles- {mk:K^>jct-ti)^} • thai are 
accelerated toward mammalia** ceils or iksm* takes 3 
•device. ktKiwtj m a gmu The mkrr>prs:r}eeti les • pek* 
etrrae the cytoplasmic and nuclear membranes of the target 
cells and deliver- their pjrainki DNA cargo ;b> the cell 
n achm v< kh r easea able e 8k I eee y , This approach may be 
useful fo* gene transier to explauted. tm nor ceils or to ens il y 
accessible hssaes mm as akin where the target site is 
re lad vc ly we b c ke a t nss rihe d . 

■ix* completed, mth plsxmkl DNA. leading to charge nea- 
trali^aiort f f>NA A r^gatively charged}, protection from 
rax: lease digesi; kin .and e aftaneed ioternni Ration into target 
cells A Ma ay ua:h DNA na»o particles have been devel- 
oped for gene trans far applications, bat compared to viral 
vectors raravkal gese transfer efficiencies remaiis low, 
Ne w hpkk and additional prote-lr^peptkle elements smx$» 
poraied into DNA lipid forovalatioas nxcy e^^Kx % , sohdah 
ay , $ argot eek s| ax ilk hy a rid ei* f lciency of e adoso>nai ^ 
cape, or irata>port to the cell msclen^.-^ 

In addih.on to ? he ra>n v I rai geac delivery systems Afere- 
mentk^d. :0NA ap.iake can 1x enhanced by tke apphea- 
nm of an sleetrk- txti:r^nt fo dxi target <^l|^ <3tr- : t.bs^e« 
(dectro^x>rau<>nj^- y or by its mcorpoaaka-* xnto micro- 
buhbk^: that are then hur^i in the vkka ay of the larget cek 
poprtkdon by the appherd lm t^f : fei:gli - tre^aet i cy rtkt a^oxnx! 
{uhrasonoporatlon}/^-'-' 

Advaiangcs. ae jion viral vectors iaclnde the high genome 
capachy of 30 todOkb aad dierx lack of :hrnrnjaogcnkity kt 
3 s d rtfkart an nxhjce aa kmnane re>s|x>asa against pla^mid 
DNA), Atuakhtiona] adv^utage r^ladve to viral vcaior^ is 
the |>otc:eptjon tk a lower ri^k:-of harmful adve:o>e effects 
(d sscB.Nsed aabseq aecrti y) v j nvportant dkad vantages ot 
none ira* vectors raeinde then- reiattveiy low. •xaaadnedon 
e^kieneie^ and their teatssant c/,Kpre<x^kta profd^ r which 
typx:aky jxiaks widna 4B hoara but is thereafc rapid l y 
extingaishod by ? days. However, i« some *mn*kons drk 
may he aa ixhamagc . and k may be pos^ihfe n> prolong the 
ex|rrcssk>ri profile by us h:a> plasxnid DN A tepkeons taeor- 
|K>rah.a>-r mar? nan ha n origins of rephcadon, eg, iro:t>?s the 
Hpste jn • ■ Ban: v \ rna . 
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Many virtues ekkae:atiy deiNer their nnaleic acid ge- 
riotna^ io nantnaahan: ee'll^ as the j th bat critk:a! atep in their 
lire eye le .Therefore, they kave been jxalec ; e d throughout. 
.TOllka^ of years <rf -evolmio^ for the task of ge^ delivery; 
The key to exploiting vkases as gene delivery vehicles is lo 
ratrod aee therapetaic geiies iratj their .gertome^ w hi le core 
eiaie^ky rerrrovk^g the a ative v iral ge^es that code tor 
fearnkail vi rai profeina . The recon tbinant v irtrs thee fane- 
t:io:as purely as a veetor thsa delivers ihethempentk gene to 
tke anekas of the tamer ech scanty t ea^mg eeikilar dam- 
age >:>r sahaer{txaa: vkas prt>p^.gatir>ir v 

Viral vectors are generated hy exploiting the paekagh^g 
signal se^neace^ that direct vira^ .gehotne^ into vrral par- 
ticles ( Figure S } . A packaging signal aeoasax^e ir< a nackxc 
acid seqae:aee eor^tak$ed wkhra the viral gerasme ihat 
adopts a specific conknnaktxi. 1" "ypkah y , the packagmg 
signal sfi<|tierx^e is reeogai^ed ^vah high sixerkehy by one 
of the structural proteins th;u purdeipatea .m the assen^s^ly 
of dxi proteraaceoas core of the vims . In a vi rally infected 
celt :the viral genome is copied and amplified, die ehxi 
genes arc expressed . aad die ^^rnetta <d proteins are a^ 
aerahjcd to forar new vrrra< p-rrtieies that rateraet with the 
progeay vh al p?nta:nes gakkxi by the el Ikmportaa t pack! ag 
.^g:xad sfcxpKinee to .fonn felly hifeetiotrs progeny virus pat • 
riele^ that are released freer &e ceil s 'k> jre nerare viral 
vectors , the pac kagi ng sig:aai ^ec|nence k re;axk- cd (torn the 
viral gearane atal appteraied to the theraperailc a^rx^agene . 
This packageahlc transgeae is the:8 tntrt-xk^ced teuvmw 
mail ;ra ee.h aieag, svdh the viraf gensaa now lacking their 
packaging signal aeqaeaca aneh that kte vkal gene^ -are 
ex pi^aed and new viral pardcles prcxarced x hat only the 
therapeutic -tr&asgsrre ^ packaged hno the particles heear^e 
it h now the only anclck: acxi in dx: eed dsat carries the 
packaging sigaa! se<|nence. 



Figure -Is Seheraatie rq>rca<eaaakm c^;$M-^ipt^k«i p-Uu.?|ikf. The 
imdhkak ^iH^^e.gem^- at&rbaeten&t odpa itfmpSmihM alk>w 
the p\&m$$ to be gro*va in. E^m-irhia eoa. The txptKMkm 
m$s&M mw]mMs. a gene s^M- ;^&>ci^ii?d regekeoty ek^e:atsa> 



Vktaally soy mm$ can be axpk-ked m- a geae deli very 
vehicle, However, at present, the mc^i widely \m4 vkal 
vectors are derived ttxim the follow iag: viruses: retro- 
virus (arai lmti¥tem$> Mic\w\?m y <uim<>^m^cmiM. mrm 
(AAV), and herpes smrptex virus Each -viral vector has 
distinct ehataeieri.saes that ;i^v make; It riKa:e <sr fes suit- 
ahle fM i\}pmhi\W. gene stetmv appheadoo. IMmm ^m 
pedec umiver$.ai vector, aad <tedskma about w h ich vector 
to use for a pattbtsfer appkeat k?a shoaM be made on a ca^e- 

motor syumn- is pro vided .sub^eq^cruiy . 

E^mvir^l ami LeMfviiml fetors.— IMrovrral as>d 
tei?^vlr^/;vTr<#:r^-<ir^ deri-v^-'|r^m €~i\'pe renx>vkuses 
m mmim Jeakeuha vrnar^ or fera kurtivkases sneh as 

cim$$ virus;. Ilkf viral particles ahe roughly .^pherfeM n> 
iiftnru iirdia^ 

that eoraata* 2 copies of the T-'to. 1 i-kb single -stranded 
RHA^In^ptiojr^p&i: 3 vkailveneoded^^^ 
itj^r^exiptas^v protease, arret integrate , The core is sno 
fonnded by. a. lipid envelope thai carries ahe Viral e a vetope 
flyc-O^tein^ responsible tk>r vim* attachment ami en&>\ 
After auaehrm?ra> the yirns envek>pe U^ms with i^e cc:ll 
m«mbi-a-ne : . <: the core mws ^>w&rd. th« : rg.c-1s.qx. The 
viral A k revise 5r^t«C3 -J fed bfe md&i 

sis ima:5:io : ^ -into kos$ eitoTppsbe^i. DN:^ m &-m&3mx 
Wni$l gefie^ arc tm?jse}ribe;d in>?ri tMi integrated tprovi • 
ral> To >mak : e retroviral vmoi ^atdel^, 2 helper 

plasr?Hih ife exps^^jied m a |>ack;ag:ii>g ce;il, i eodlng for 



Ti^-pa^:k:^ge : £ib:b: R:M-A that .codes, tor the tfter;^ 

tor pla^«-jd, Morrn^ te^feento vim^ ^ba^ed rH?tr<>v1ra:l! vee - 
t&& do not iViiggm® <>'*' expre^, in <\m$M'mf eel fe. Cell 
drv^ibn i& required for integration, hr mmmL temh'knl 
mmm ratcpiae in qakscctrt cei^> Intc?^ratio:tt 
^C:>mraji<iom--y -diife-re^t- &h ror^o^'so'xal -^iie e:aeli 

tr<m^ktced cell with aj> overaH pre fererK- e for transcription- 
MBf. .active target ^ites./^ .Hx.preasi.ow of the .tratk^ger^e varies 
^'fe^amialif from cell, to cell aeconilrtg to the hi^rarai:a>« 
site: RasidoB). ^negraiiorr is jrssoeiatcd m&i a nsk of cell 
^iosi'vyo;nai}0^ (I 

tioi: of a turner suppre^;n>r getse o:r activaUon ot a cellular 
orACOgeae 

•'.Retroviral and lerxti:vi.ral vectors have a eapaeity of 8 kl> 
•ami j>rov kte ruaximeyn titers a|? m I § l HWmL-**M&mum of 
inte;gra?:a>tr : the ^aasg:e^ per^L^ fa the progeny of the 
originally; i^cted ceib,^ Sector particles ate $ramuii<5- 
^;e«:ie> hni vector- toamdaeed eellx express ao viral geae 
prod-uctss and are therefore mxnm myBogeoie . The ext>res- 
sioa profae pe:fe sviihiw -12 hmm. md xhm gmlmMv de- 
cihtea over weak ^ , oiortth^ s ox yea r^ boeaa^e of i ra ii^geae 
methy iadon , acety latiorL |>n>y rtii^ de]etion :< or dea th of the 
targe ■ eeii/ :: 

>y«w Vectors — Meoovims vectors-. .are mmm- 
vclo|>cd viruses- ^ith m. %ih to 1 iO-Bm-d-iameter icosa- 
hedral protei« ahetl that ea^tamsr. a- -S^^-.k? -^v'fc'b: 4oxd ; il0v 
stMde^ f p;A geao^e ,^'T he f ther proteio.s appear oo Ciec- 
®&n. mkmsctmy as pmo^iaerit sp^ke^ at the 12 vertices of 
the leos^edrora Priroar^ attachx^^eot to the: target: ceil *s. 
throu gh the f iher pro tein ami secondary a ttaehnieTit to eeli-- 
iardhee |ote|rirt Teceptors oeexn:^ thxraigh the penasn base 
protein that am;hor^ the liher at the vertices ot- the icoM$ei> 
4®m, .A:fter- emkxc>^i^ virus disrupts; the xvali of the 
erafesosne axttii s pleased mm the? c ya>pl a^rrL Ik cytopla^- 
roic virus- ehgnne* to the rjiiclear envelope anct detiver^ the 
vjxat DNA to the unekarN v In ^iki-t^pe adeaoviras intfee- 
lim* early (ooa^triictural) vital gehes are expressed ini- 
ha! iy s a:ad the carl y primus drive vlr lis geaorne repiiteMtotr 
and tate (^imeta ra 1} p:ae exp^sstoai. To produce adenovk 
ras veetora, eari:y geaes teg, - : E4) iac <-feie^ed: -fr<$ft5 the 
viras; gex^ot i^e to d iarapt the repi m Mkm eycievaad therapeu- 
tic geae$v are inserted in their, place. Vecior partieles are 
prodeeed in ceil lines that stahiy e?i,press the missing earty 
geae products (eg % Bi v E4j aral caa therefore sapport vector 
j:epheatkax. In helper^depeadent {*' grata ss >v t axfenovxras 
x ectors. all £he viral <axifag sc^xieriees a^ xeaxewed. Fro- 
dnedoa of helper-depe adent vectors i : ei|uims tlxc addxticax 
of a rcplleating helper adenoviras that is later retaoved 
iron* the vector >aoek. 

Adeaovim^ vectora have a capacity of approxiojaMy S 
'■■Ub fhr c<>n vctn ioaal vectors atKi oO kt> .for hei^:K?r-depeitdeat 




Pkuae 5, Suhenaak ?:a.xxx:auak^ \Unvoig *xn>. i\& geeeaxx ea v taxes md xexe 

ViX.aX;*, .XV p;<eva-vk iftfo vkai p<«tkk^ tec Jexi fijj daxkt: 



vcefors , and titers tip to 10 • 4 JllkoL are poxsl bk< alkov log 
for high targes: ceH iraaadaeboa effickaxass . The vector 
getu>me x persists a> the eed m a kaeao mnntx$r<it<?d epi- 
&ome .and Is dx^fora <tikm£ by cell dMskax A&nKmrus 
pameks i<rc: koxaarK*genk as are transduced eells «& die 
*efong ou-.ox^^^^ 

Ie^l $:.fpre$i:$ka5. of viral :s('ru<:mral genes. How^v^r, :eslls 
tra^scaxee 1 x.ah ixxpea -dape-xkva rideaovme; veexax e>x 
•xess ao Vml protek** md are not Lmnn*tK>g&mc. The <^fc- 
aovkxHsauXox e.spn^ 

: pea& within the tkat 3 days : is then ra pidiy kmm im 
setiktg ereonveataxxx" ^eiors because of imsm^ri^i#^- 
a»od destruction oi srar^duced cells. Hovw?®c, wiifa helper* 
depcadexn vectors, e^^^idp is, maintained thmugiKntt 
weexx axaxhs, or years because i^ei«^lsam«<>Ksubj^ct 
a> kmoane-nxaBated desirnctkxi, 

MV Vectors, — An AA V is an extreaxdy mii$ k neax 
envefoped xosehedraJ vhaxs < ! 8 to 26 rim m ok ax* ex g 
carries a savg ^stranded DN A genome of approximately 5 
kb with skoo , averted nrrmmai repeats rsqmred for gc- 
noxae rephearkxa and packaging. Anapakiogcak dependo- 
virus. AAV x<ep!ksn*x only in eeUa that xo:-: eoxaxareaiiy 
axkxaed vvat: a an a ehk helper \ ires kxiexewkx-s or hetpes 
w ) • Ate vto attachment a ad uxnskx. atxon across iho 
target e dl roenxhrane, she ski ele^tr^aded DN A genome is 
ka:asporte4 ax i$b call neekas where ?t h. -conye'rie*! m 
doabk> stranded i>NA. which is dx^. a na nse ribed by cells- 
lar p<ay . The AAV ^enoxae pe^Ar is the cell 
mKlcKib, <m$m as ^kx^x , anlmegraicd DN A or as ? ak-gx^xad 
kaxuhe ce tixtlar chmmosimxt^ To generate AA V v^aors ? 



ih& vector ge:aoa:iC, : c<ax>prksk:g m exp^ssioa cassct^ 
fkaxkrxi hy AA V-irivencd a^nra:a;:k repeavs. k kaxodaa^c^ 
i ak> ^^maxdka> p;xA:^g >mh mm$ with a olasmxl cod- 
mg for t,h>^ AAV pmtd »s axui a ^ecoad phiisaxd codiag tor 
aeecssary adenovirus botper flaxakxaa, 

ll-A-rag a ca^aexiy of 5 kb< A A V vee kxs eka fee po - 
daced al tkers ia> kH^ :S purdviccs per mdlukox.^^ Adea<:- 
aaaaeratc:d vlras geaomes pcrslsr m the ecd axeleas as 
e|xsaxai!-i or rategr^xed A. I'-ke pardeies are kixmax^o 
geax\ bat t5xas<ax:ak celk e.xpivas no vjral po>aeias. Ths5 
traasg^ae expras.skm ptxjfUe slowjy increases aunjig a pe- 
rk<d of weeks aao dx^sr pcrakts k>ng-terxx xafa gradaa! 
decline; 

l!e^ 

e<^te eavek>p^.ym^ v iS> to WJ nm in4UmmT y ihm 
a aaaoic-^trataJed .DN' A gea<axi^ of ] 52 kb, l^e 
keaakedoe core. xkkb } lxxisi?s the vkxr genome, k ap- 
pro Kim bitty 100 mv> \n dk:axa e:r arxU:- sepea ;;acd toxa the 
e:avekax: by ike tegaj^oat. Herpea simplex vim^. ha« ;-t 
siykag tkmkaa • for seas<ax ox. axons , T'brec waves ot geae 
espraH^aox; c:cear during k% vara j Li tb eye L-r, .kk vh\Hy\ dxa 
f ataiediate e ad y geaes are expressed, axd ih\ s kx<d s a> 
expxesskxi oktbe early gerais , whleh m mm keck to expre^» 
kioa of rne kae gertes dxrr ee ixa aky eede tor viral sirncreml 
protaxas . Rap rka^rkavokieerive Mrpcs sdraa ■ • vxxxora are 
eonsiraeaAi >-y rexnovreg erkkei xaxaxediaay early genes 
sack as kaeexxt t^ll pxeaka (K:Pk4 md iCP-27 ftom the 
vkxd genomo > wbjeh la tbon grown <a*. coxirpkar^niia^ *.xdh 
dxe staoly express axai !.c;?P-'::7.-' : "^ H^qx^-vira^ voco 
tars Ixrve a sxgxatk:aady ragke r eapac.a.y for tereiga genetic 
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Tahte I, Vector €&oke ft*r a 
Therapy FKaeeat* 

kmMM Ha "Y'oS * 

ReJr^Virwk %si Na 

Msaov&as Na 

*Vae;:ar etiakie : /is £>a<k<* by ra&ay sera* ataa? key -iac&ss are 

saewa here. Cnhsr is^ts teaute *&ferv . ;a;tain&sa miii : $&$Mx&m§$m • 

materia] dma^heyee^ mid aoe sap? 

idly grilling popularity for c:e;mh$l and peripheral nervons 
system appiieadorisa tleipes sknpta vkns & able to ekiet 
biti> a latent state in sensory «m t and this is one oftlsa 
major reasons for its popularity a* & veckn; for these mils. 

Vector Ctots^ 

The ehoiee of aa vmror sy#*m for a gene 

daorapy p&afocol .should 'be guided by eoimderadon of the 
relevant properties of the different veccor systems m rekt- 
tk:<nship to the eharaeterisdes of the target cell popakafoa 
&M th$ goals of the proposed spplieatkm e l ;i/ri^s > 
when immctekig; tbs pkglobin gene into li^mato^fet^: 
stem ceils for co.rreedon of $-&ai35$&mia» the real targots 
awt&e- future erythroid p^jgeay of fe- initially- tfansdsteed 
eells. There kar^ efdekm fotegratfon of the transpsoe into 
iM hmi cell chromosome is highly desirable, m indication 
lor the use of reiroykat or 1s:ab;v:kaS vectors Mternakve|y s 
when, a ifVMim hydroxyla^ or ial-d^r^d nenrdtmph k 
factor gene -is delivered 'id the stdatam m mbsimim- $ig&et 
for correction of P^kh^^on dsmase^ the vector should effi- 
ciently apd nshly. %?m$&um. [ <pm^n\i irmmm m the rel- 
evant parSa of fe hrafo without provoking m ismmm or 
mfjattma&sry: response m4 shoahf lead to kaitg-teioi), sus- 
prmtertott of the therapeutic ^oteio. Both AAV 
arte! leati viral vectors are attractive m. this regard/'-^* 
When d*e targets ofitemj>y '^ : esai^er oe!^ ^md fhe goal 
b to elmiiitt^ them, the higKe^t priordy Is tor a vector 
ihait -oa;n tnm&dueo : 'ih& -ceil* = wife-ao extremely liiglvefti- 
oie«ey . in ths ^ttitrg, a strong lmrtna:)e/iai1araraatory 
te$: p<?05s<? to "^e geaeik:ally ):aodif led cells is m& cmiXmith 
4mmd-m<\ may he desirable to t^cra^se Xh$ poteaey oi 
the iharapv . Therefore, aonyendoaal adenovirus ^eeior^ 
are a^pealmg. 

mmmmm 

tmns&utM&mi Targeting 

There art? 3 broad sn^ie^k^ whereby veetors oao bo 
targeted i<> a^cumalaje m ■pm^m^mm^ mte&m sefedyely 
!?:ataaiaee a f*3rd^&r : oe^l popul^ioo. la tba rjrst 



ap^oacb , the arfgara?Ss ;:ay isokaed mid ^rar^daeed :tn the 
tissue co a ore di sh , In the see<md afyjpf oach . regional deiU %>~ 
ery is used to imaafe ae<a3ro:a]ah ori of vee- <>r at a |?atti;exiba' 
aita :m j% body, eg^ aem^oi tkfEver^ to alrway^:;^ a stereo- 
•aeikally guided injaetion into Uie hnaa. •"•••' 5 or pakdi^g 
veea>t o*ao vase alar :>r:oa:taros dtair.g ^argieal expo^a re . - 
The thfotapproaeh k k> namify the vector (ioui^ae target- 
mg) saeh ihm it mmgmmx Midhmmdm^ the iargst-^dla 
wdh i:h^h s^eeifieiiy b^t is kaa$^b& of tmasdocing a^on- 
targeted cells/ ' For viral vectors, ttaasdaeitkaia) targetka> 
oaa bti aahieyed by direct chemical aK>^it1cado?a of the 
vkus coat, by bxc of Wtinc-UtfcJ etr^^ -ikjkiog OioSiiealeH 
tkat. provide, a bddge ->ai>veea ibe vector and toe cell &ur- 
faee istrg^t, or by dtreet engineering of th« viral athiehraexrt 
proteins. 1'ramduadostal a^rgeiia^r Is an aetlve area of te.->. 
searob,. and proof of principle has bce^i eisiahiished for alt 
.major vector systems. 'l%c first 2 e im leal skakaH u$ka>: 
traasdaeta<aaUy targeted vectors were apprs^ved teccotry , 
One..Mes- a. rt?trovtraj v^c^tor disp}:iyxng a ix^kagari-bhaiiag 
peprkle to enbaraie ?ts rekanida in trjmor blot>d vessels 
wbdix? doilagen is highly ex posed. The oiher asos an 
aeleooeirai vectcavdia|>iay hag air :anegd;a d^lnding BQD pep- 
tkle {ike O/jpepiide, argbii:ae-glyetae--ast>attie acid},, wbibh 
seiecd v^ly enhances its j ty to traasddce o v atj.aa car^a- 
nmm eehs: in the petitoaeal eavky>^ r 

In eoairast to e:s . vi-v-o ge^>e thetirpy p^oaia^iiSH^ ^hkh a 
pariOed population- of target cells :ia transduced m tbe cak 
sura dish, direct k\ vivo gene deiivery is eons:traine<l by 
adthtlonal aoaioniieak bax:he m\c ak and physiological har- 
riers . T fee h'^la de faciors; h* body I hM $ sncb aa a id &od • 
ks aod • compMmem.- tbat eaa aentraf^ ibe rectos before 
ihm- rejA<:h ihek target s ife^i ; the iategrity of the end oihekal 
iku aa of the blood vesseis st^poiy iag ^ target orgaas v svbich 
imfp&vmx -the- vector t:aun-e^ita^Matm:g-Mo the. '^.te^t.k' 
tia! fluid where it can access ka target cad po^atladoo; iu^cs 
the dkha baiioa m the body of receptor « $tes for tbe yoetor, 
wMehim.ay le^d to missive seqaea jrat ion of vector part ie ies 
at sitea thai are mi m gets lor gene transfer . 

Wab respect to -he h^mnnKaogka^ bardera to ge^se 
thetapy , hotb bin»ral immunity to- the vector w geae 
■nodaet and celkmedkaed ta^manky to t^e geaedcady 
aa>difei cells mast be considered. Many patients have 
ipreextsling neatral^ikg aatibo<kes a^atnsi adenovirasi. 
A/^^, and herpesylms vectors-;a?ven if O0t p$#m> these 
anttbodies m&y develop after the first e:s|X>snre tod he yee - 
tea-, freexi sting taimaniiv leads io vadaible nentna'f nation 
ol'dxe flrsr dose of vector or its gene product or el ia^aaa! on 
of thear^^daeed eelis, Matnrati<m amkan:ip.hfjcat:ioa of hae 
•immune response ater e^eh expoaare to therat>y tesalt in 
aea<de rated veetor aen^ndi^adoratmf^daced eell ektoina- 
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Figure <a Svhea'ar?a rcpre*e*v,ad>>^ ^* a £er<e <lv,-<\\\i\* erons, a-a-ons, and r^xnhnrey eke^ne,. 
BcUfswaxeUasr K-KA (snENA) is ynaeen kt the rsndeas .a> paxksee rnessenger .RKA buSNA). 
Onmptoemary ON A ^:fJN :\j vefee> n> & D.N I A & o^enee eon-prising an exael esa-y ra Ua- ?»RN >\ 
seqaences (see txxt hx ixdalno 



\km with * recessive crspo.serea, Thm, an ideal vector 
worjid o^,^!^ an i mmnne ;^ri|x^e ii5 the treated :pM&#r 

Tmimxri^mai Targeting 

The narrosvest defh:r;t!0n ^ tr gene k fctii h a noeiaie 
ae id sequence hi at c ode s for ^H^iilqml a. In general > 
preaei axaKhng seoanrnees ova :npEn.*n:^ 
drnded itm> several exons ^separated from each raher by 
long ^itec sequences containing donor and aoeepior 
s I tea lor \hz ce rio.iar %p\k:mg anxrhroety a^d <\m (lansxx; by 
R N A pr nees\m g ;bgna I >. \ hat direct addinon < >( a 5' ea p a no 
y pohanianylabon signal and determine RNA saabnUy. 
Transeri phonal control elemenrs , ine1xi<Ih?g rhg prsmiosex > 
enhanoer*,. sdeoee: rs , ami 1 oc as co.t5t.rol eietoe.a *s ; arc a he 
e ssem ad and integral component of the gene that function 
as landing pads for nnelear pr ote ms (trnn senpt.ioe facnars) 
drat reginkae d:e level and timing et\gene expression (Fig- 
arch). The iraaset anion ai promoter as located knnxahnbdy 
upstream of she. first exon . Tran sc ri phonal a thnoxxx end 
silencer clement; re^niatc r-he -.-act ivit y; of the p^moto 
tnent «rxl ?nay k>c$u^4 up^*xo^n>. or dow^^^an^ the 
gene err m. one of the in t rem; la e.hber orknterk>TO niton a 
eon?sikkrithle d rstan.ee from the pronioter eknneni ; h.oe m 
eonf-M demt? jus are typicaHy knmd ar -r coo^derahle 4 
ta^ee h:on:v the aixkn g se^neneca In a S f or 1 y <h recrava and 
are tire mam dc^m^inant.^ of ekrrmino n e.^!^^<^on 
(o]>en or cloaed) vvhtirn a geneue k^>cii^, 

IkanscriptiooaJ comro I ekane «5« aoi fx^able ond can be 
trati^lorred from one gene e> aooiher „ inning, tl^eir %he 
a^ejoelty , Pr<«>^>^ mi. eohaneea^ l:o;jea lioa^ekeeph^^ 



genes expressed in ail fenes or iVoo> ceriai.n viruses teg, 
eyrornegalosarus} drive gene expression p;a:ene>eno«Hry m 
ml r.raoi>doe^o roarrn^ai inn ceihv Promoners nnd enhancers 
genes expressed ■ m a t i.s?>raosptx;if ie manner c-ri ve ex- 
predion of ioreipr eenes vvnk ilie same nxsne s^&xcif « y 
l"has,rheaHxnrnnprooKxe^ 

kK\>1e.Ss^ tyrosinase pri>u^^r^.i:cnehmocyk^ arx^ meJanonia 
ee-'fe^ n N n.nioraokdobahti p^nin^ee^nhnnecr in B lyorpho- 
cyifes^and |5-gh^ 

^-"rha^assenn a rnajor is a reintj very eoirnnoe in he reed 
rhseaae vh;:aaeier^e<.i i>y de ocie nr prodacuon of p-g kihm 
l:rareontkeiedinghdevehpnxi^ 

gkk?re chains ftnan ret ra mm* thai e ? y -as-Jl hte on the red: 
hkxai eed nitnirbrane. kxaring to pren^arare: red blood ccO 
elestr^retion r li^atiern s xvnh this disease hav^ severe aoem ia. 
are dependent on rraasfosioas, and have a aabscen rally 
shortened n' fe exp^xnaney, Boue tnarr^nv teanspj an taboo is 
cirr^trvc; -sibins^-fnr paUkrm^ wHh jk> tnakrhed c^otK.n\ the goal 
i s reeensdtet ion with genetieahy correeted autologous he - 
niatopoknse stern ced?> 0-^SCs>. L.end viral vectors express- 
teg dxe p-giohin gene hrrdcr: rire enntrxa or e p • gk Wm pro - 
as oRxkon^rneer eieroeor 4 rise erythroid > s^eei fjc ^-gk;a>in 
expressk>nv ::: bnt the cxpraaei<va iervekvorksseonskferahiy 
l^twcen cells, deperidtng on the rneegreaion sire. It gk>bin 
!oetn> eon tml elements a^ introdtaced :hno the vector, the 
deaxaxlenee ot- the integration age is el in h nnted , and gene 
esp-u^skni keela m aiUra.asdneed cry i bread sells .-ipprnne^!- 
thcae seen with nat rye globin genea: ::i - ;: 

ra^arn^eologieai eoraroi of gene expressnra is desirable 
for certain gene haerapy nppilcadotu-i Brytbropoxebn is 



p?a aOaixr ao l;e*^ks Vmx & 



widely u.sc4-i : bx *e treatnwm of a»mfe eaased by rb>*d. 
failure ox by ma%aasekxs .-such as mok.xpk oxyetead^ 
The prpteixt iroexpeesive eed mast l?e ;:ehxktdstereo rege- 
hidy by kpeeliota Geps fxe?rapy im heesx capkaxat as & 
: pmm$M\y Imz mpmmv^ ex^e eoxo eaiexa mmi* of EPQ 
•xiellvery . Atkmmmmd :xuheutaaeou;dy ^ wmh^ mmvm, 
EPO leads to ii do;-e~dependeat disease m xaox-stoekh 
e '^mft^-i S$0 tmmm h^m^^y to m<ikmm he- 
p&ksiift wit&R ike desired mage, 

S§vmi driea regakaebk gene eypressjoxx syxaea>* have 
heea deeektjxoh in the ^^mc;y^lk^-^gi5!;^<v^^ sys&srk xbe 
ikpmp exxde ^m : m<mm^&^ by & ^mydm^rmponmz 
promoter With k>k or xsm basst aeihity.. A aeccxml: gexax- 
codes fox a tr>xn-.scn-pik>n factor that >axa dviya vxptmxim 
fhm ^ ii^mpmm^ r&on::a>tfc ; hxa oxay la the presedee 
of te«?yct-lbe, Therefore? < ixddipoa .-of aetraeyexexe dxxves 
iras&g&ae exptxeePata in a doseO!e|so:akaxt nxa&ae.$\ !: f<?to- 
cy<fi^rcg»latel>te AAV veeter* coding far EPO have 
beep xkdAered to the oax^de* of kferatxa y mke 
kmwt prb nates. It haa thea beep possible to m\tr<3 mm: 
immiwxH- by imftag the ardmaix *kih different doses of 
i^x^yefe^ 

SPUE- THERAPY 

Pharmacy acaies Is the. atedy of the xate of § dpxg h* the 
body, Becatm a thexapexakx geee b d^: ok »( be eeo ••■ 
Verted tx> protein by the cells to xv.hieh it haa baexs delivered 
kedh pMtlMx? tearxexuk Tfcet^ore. k b 

ipexapy : ppU3eoiS to axa^af kxxe<d!g op- 
ckxsxve ly oa the ihuTa^xiije geixxe and to sxady eaxeikby me 
miss of procfeetbx^: asKr&Tatttia&oa,- axtd ekioaea':k>e of d-e 
eaaxM dxexapeeke oxoieixx Phanj^wdy^amk^ b die 
stadyxk:t^ 

•actkn^ •;ibeae:ftpx't>i. sad hamrf&i) la the fetxly ^dd*xa*ak;$< 
the. stody of do^^o^e ^iatkm«sh^> : Fox ; gs >iimn P¥ 
mmmmsM **mz::gmmks pw^ci.oi xhz. the?ap^?:te. 
tfi&x \a of dnere^K Ite eom^txr^dox* <:-f the idexape^tk- 
proteik x-xe^i be nKW.^xed &> deteo^ii^e the apprespnakc 
'^te do^bxg xegd^ieo for « gieac d^xtixpy p^duct, 

Mxasy of the px^tefe^ v?«bod<td :hy pxaend ^Ity xherepeexk 
gijxtos coil /vO.^oebied ^xtd ^ee jk:<|: ^olox^cd. Ie# body 
IkJk^v. Until rzemtiy < r<o ^ao;$-imi-oxy nomx^x^t^e xsexdsxiii 
e?cbted tor r^oxikoxxtxg tho aecumula^ of sed-i^soed^d 
PR^ebxN d> the body, Tdo*. m«ay vl«:k«3 gej)e d-eax^v 
midles ddtee to ;.iddx>x^ the most b^ie d:>u>c of xvh^dxer 
expressxijxi ox the ihcmp^«0e gei$e wssjs xxehxeved; Fox 
^m|5k.:t^eem ^rdj«v«Hcxtktr^e tbe^ipy ^:tid!>?$-$<mgh5 to 
pi-otKOte a^giogi?;xi?.^k ;-m l^ehectxb xixyocaxdhsxO: by -xWi i very 
<d pxoa?)gxogeeio mo&vek^, VEGF axni FC5f -4.i9- Genes 
x^xxUvexed by dixcot mtt^nyo^axdkf ^eoti«> : <^ by 
eoron^ry anmal p^xf i^soxi esi pk^oxld 1>N A ox edexioY i« 



xhs v^otox^,'-^^ Maoy oetdrat^ ioporied ^ukkepee dx^- 
pmx-otoeat oj dxoix ^oge?xebot jkex^ w ^- .a'o di rect. evldc^xce. • 
id: geoe x(>:p?xt;x;skjjx, ,makhxg. it d^po^^k to i>;ixribeki the 
elkid^Jt ijo:oxoxovoe?>t 1<> g^xie di^xpy . Ddxxet eekioxscx: <d: 
ge^io -^xpre-iak^x d; dxe oxox^dXiCex! hearts eoixk! axxt be xxb- 
^;xbxed because (\ ) mypcerekd be>pi-y b d-xegero^i: m& (2) 
hecexoe VEuF ;xex! F(>F xxexe ex^ rele^ed d-k> the dd;?>xi- 
sdrexixii, <uxo exe-x jf they were, the ^s^tige^o ^e.ocode^ pro- 
ix: bis: xv oe j d ee hxdlsih.s.guxsl >ahk-: iroxo. c^t K-e dovt protedis , 

^wvmlv^ g^pr^te ^1<^lt<srfeig 

Exp resst <m- of' jx. i ht rspeMk; geoc : eoxi be xoohttpre-d htdi- 
rx-edy by Ldilibxg i : pi exp^^on- to dm of «• sxdubb exaxker 
|y>b' peptide ohose ex>nxxoxioiXh>a <caxt rx : : xex^otod to body 
d.ekb," : i llxe d^x^pet^k goxie end sotebte exiirkex poiypep- 
bde axe cxpoe^-^ed eonoox deftly px-, -e a coovtsx^: xxioo). xxed 
the yxduhle pepdde is eohxpiieteiy bxext. exeeaiag that ii b 
ex>$dBX:Xiox?o^otde ax*d hie; ncj ><k<k>x?:ic:xi ^:axv;ay (Fljxaxe ?V. 
Addhoeie: xeeixd:e;xiexes fox the to.<etox ox^ptkie exo that k 
shoidxfbe seemed ?ete the bkx>axex-axix : h: shx^dd he ebseax 
m. xtiirtoetpd hxb vjexud s , it xhoehi hevo ^ ktroxxei eirexdatkig 
hak-htb. -jpd vhexe sdopk-l be a seashke asoxy for ^ecaxxste 
deteedoa. lexoox o^axhet^ sxiek «e eioxhxax^^oryotde eatb 
gxax xxexi the ff credo of hveoaa ehodonk: goeadooop-jxi are 
good ex&aipies of extlxahtc xn^- kexs, Aldxoaph sek^bk 
toarker peptidce eaa xxx<>x-ide cxkk:ef iofx<xrxveth>a: x^e fhe 
pxxxfxle xd ! gex-e vxxpxesskat o vex xk;xe, rhey p^x>x<de axx latex- 
xn;:ak>o a^oxa: the she of gxptetlealiy axocboext eeks, 

xhxr ex^x<!xv:^xve: rxtappiag of tbe jx^xekax/iibtohxaxoxi of 
gexiet lea ; i y a iod odext eefis, there, has bee a coasidet able re - 
eeet pxexxress xa toe dessdepaexm ox ojoiex idax doagiag 
teexaxaiaes ha xahteh a aexxher gexa? etxsxpxexeed who the 
diexapeaxkxgexie xtjxeets the prod ax boo of a eelfassoekxted 
axaxher axoteia that eeat be deaxakxt fey radiiof^otxxpie iatag- 
tag techakixxk.::. ksaaxptes Ixad^de the thyxoidah eaxdiao) 
k.xhxlo ay:axpoo.ex, wh'ieh ex:exeuxejx^.tes radxo.axhae into the 
target eeife ax xvhxeix d is esaxessed : a.Ooedxxg ax^xbevxxNb^ 
dxi-eexlxax t>y gaxaxaa eaxaera exx^xgoxg (h:axhxe 123} xxx 
ixxekrxax exixt^idxexi a:>ixa>araphy ooxtaxe fMf ;-:v -''- Adexxux- 
xtxely > fxai?es sto:xple.x vkxax "tK expiessaaa eao he xfekekai 
by axhxaxa:saxa:b>a of a i atiaxaa>t>>akadb iadeted sxexsaxdxa 
xvh:k:h js pdosohoxyhaed by f k. axal thereby trapped, ix^side 
the kexiexieeh y otodbaed tet^et eed . bdtx^x^e tx eopi eg b thee 
aeaoeted edher ky gahaxaa ear>:^exa eoegiag ox by pxrdtroe 
eatbsioa toaxcxxoxiixby. : - ?; Axxodx-r rxxypoavcd b> txv taax a: 
ayerkex geee eoPaxo for a yaxadotxxaaogeaxc x:e?f sextaee 
oxxxrkex xa^t ca;a be eieteetea by axaxaxastratxoa of a xadakso- 
ox^laheted pepdde ox xaoeodoaat aatitaxlv/— 

Wdtx the skxraot of these ^ee ; ax<aiovasixc expxosebsa 
eiioaxaxrbg had oxdeea hxx xtx^aokxg; atxae^gks, a e; pixssibk 
kxaerjeraie thghoixatdfy p 

axaojc data in the eoxae xx of datoaa gexae rdeo^py sdxdiee. 




Px U axxk;:* g^X: ^a thiX Xl O eApOXNCX <:v;?JCOf>\U^::Jy. The V:e>rker p<:ph<k k UX\^ 
i5K>»J&>r« N d \>y dlA^.i l:J^;^iV:t«^:r» :".r axOipaa • p*Y:\ X^X; » OaXOpXe akX^N&XVOX^a j<X 



Thk <ik\$ hi xi<Uhc^hm oee of the maka" kaaes kax hta: 
aaaaxeaco eathua;x\0: for gxae ka:rapy m hx< phaoraxxaxto 
cal i $dmx ry ;. htov to a of a £&n& therapy poxk 

tick kkalha & do.s& $.h<«iM >xi & qxnmiky o{ vecka" kaa 
»sm: sdaee^ a jxatxxarto iood axmber o:f eeka kakaxg to gov 
areata >a <k a pre;ka e rax aek a jxoext v>f go xoa ■ s s ft Uirft &&<k 
i tig; to an exae eted iherapaeoe r^potts^ in the pai x-era oath 
■jo toxicity The major pok>kto k thxa aaxe e>g:axark:>o and 
protaia goxhxakoa xae highly v^vxaxlc batvvee-a mhxvakxsk 
sivon xkahe:a of w-xjor paOkks ay khaaxak oxae* 

hesw-eea m m m<x\v\dm\-^en mokkaxkaa 

koao oa ih He rera oceaakax, Nox* j a v aai va <■ xpxi :a; ioo j ooxk 
tot tag STx&te^ -nay alkov romme tkoatati >>f <j»ses <rf 
.jg^&\$z$gy .a&sft& i*xiftd*vM^ psfeftlso 

lilill CONSIDERATIONS 

€ 5 von that geae $ he. rapy $ oa new hekl of haxa aa therapeuke 
extkaxor atkf hi m mfm<:$\ 4mi (mm h$r$m clinxaa 
vax^<:: :: -ij:a aaxkqiaay to <uka-a;^ ta^ asxraa'ox^-.: <x<aa.xaaoal 
.sahhv qua.^taxn ax-a tcoaaa. ki theory , aaaa tk>o;-^>x i.^ 
assockacai < kt nak ^ io toe ^tk-nt, a> tlx-, pafesks faiao^ 
o.kkpoag, aao a> th<- aaneraO popuiatkax To.\k:-a.xas a> the 
pa fea n:ao; ^ <■ a ■ 3 a khe $' oy tkc >xa jc ai^rapy: xataor or 
by k>< eaeokad gaae j-rod-xa . For -axaoa:4e, ixaokoaioa a>a 
<>$ Ota \axaor aoo- ra:>uN ia aaapay-ioxkv, in\ aitaoaxkax. or 
i>3.kxaooo . pao x: aiarlp If the m^ck k: t:ota:aoa aated w ah 



ropkaakvai^<-rapaxaa: vaoaoa t>f Mmr^m wMmit^ 
mm tmr^ ^ecim ikaked. l>im:ak va?aoxxa^y waa 
axvaxatae <>t aoakkak' pahketaa-a avaa t1;aaaoy ;aKaot^ 3 
xatao ^a.o dae x- <:h:axa :xkaa.x^arakoa al m mmmim 
vaator tato t ae kapakia at:te ty <a : a a i S : -xatx o>karaa : a wtih 
o>ik^ea:a^carb^a^yka^a^ Tak pxakax ax-: 

pa;a>aa^a<t rapai iivar fxoara akxx okadota at' a vary high 
ak:>aa of the vetaor, ha; the p^xhopaoa:>k sv;x\ r^var taify 
eh.aa<iatap.: ;: p<^aktk eaatafaakaa faaiova ax- h.aie xa in- 
t1ataaxa:ary vaaaixya at the ■■•vkw panxaes , iia:k:tCfe^>p)ttery 
.?cax:h<m:a.> k:ir vira^aa 

aie tkvhaerta.vah d.aeto ^lx^ ^xaktrlyi-ng ^tmh.&e carbamoyl- 
toaof k;eoe ketkiaaaya To daaa. a< a h a >:a^x- a>xkvk ?ea hava 
o< axOvv.x* heaaxaar of eooaontaahoa of xeaxa ■ aatkkx wa:h 
topkeahtx;aeotopotata eka^e>.. kaka<k ah gaae ika^apy 
ro.aikaaxax aaaoaka fao : e aietaa axa>aa : xaak ^tepx x> axaaaa 
h:atv >a^:aekxaia'a aaei a^tixg af aetay therapy raokaeta aoa 
eoaakaoa<j ia aavh a e^^a on a>o-daaehx : ^risk ^obs^tamrvih^ . 

Cer-eae aaxa hxaapy apptoaahaa ata asapaht-ee! with- 11 
faxio: rir>K o* e^ax^a tlea Xvea}^axu-iseToo<Liknjeaxaxxao\ or 
e>:-:pva:^xo:i <k a a eaxa.xtao k protahta la^e ratjoaa ovaPegexi- 
exia at a aartktauf akh a<aa x; oaati wkk ; ha x- :>a oi xet rcoioa 
or k- ixra kof ee<;i^jx ttxa PaogoPe raxaoa^y h^o the hoai ; 
aeh ehoxooaotne aaa eaa theoakra akrapt a mmm .su|>- 
pxaasor aaoa or aakexae ^^.p^^^ it>a of ua rax o.eaaa , j ackeht 
oxaaxka > at U ahlkhoa ae vokxxxi r-a:e.h nxUipaxo?a:ka 



after dtey tod received gene d?eriipy for ;*evere combined 
immu^ieficfe-m:y (S€!':D) dae cotimxm y^ch&m, defj- 
ttemy^- The protocol Involved: ex vbo retroviral mm- 
duedon and mb^qxmn nsimh*h>n of a uadogotrs tjoae joar- 
m hoih sktMion^ the .^&o*:kiai insertion she \riiM 
m&dgnani siooe was adjacent t&lMQ-L&n eoeogeoe &m 
mkm>m\ to be te&3&fc&&&'£fe T : ceil m<ilig0i&ocie5,. In §d&U~ 
■item to- hx^ciik^lnmt^^ticst^ ik^v« theoretical con- 
cerns that mti&m imn^m prodgets ndybt stknelaie eeli 
proliierar^>n. i?t .an. c^Moc?l.t^--- o;?; p&racrme fashion, thereby 
kardlug nlfeately to cell tm^^>n^tilo?t: For exaosple*;:: 
when, cytokine gcce.s men ai< kkerko.dt.ii) 2 axe «s«<hodriv<? 
i\m aedvakpo &rxd pmM&mil®®- : of Mmm-mm^xve T lym- 
p\iwnmyXhtx^ h mi associated rkk'ihm mndv-enens iraog- 
dwxkm of ilteT ceils could heauli m mmm^h^d mkxtim 
growth.. However, thk: notion observed mpt^limW 
or elMeai *tnak$. In. whk5h a mdv raoge of ddferent 
cytokines have been aserl i\orem prodwas thai promote 
&gg£$^ti^&» ^cb as VH3P and FGF< are associated wii 
a ikeofedcof dal^ 

the development of itrrnor nee vessels .. R^t ieats eoroded in 
proangiogerhe gerie rherapv pKfeeoh ere k?kt|. motktoted 
elo:^iy for the appearance of new n^iip&dete, 

The theoredoki eoneern of haaivertent ggr^iite gone 
Mdstcf is ikldtessed ix^ti#ly in % :ptedMk;a! sttkhes 
eoodocted m Support of new gene therapy pd#gdb>. Ah 
though the toiersgene may oSesi be defied -.by paly r«« 
chain ruction m gpm&si tissues of experinierkai anknak , 
there lias been ho doctptietnwicase ki wbkh this has resulted 
m ^^mc tm^lfkmmm the germlme , & tact . efer ts to xm 
p^e: transfer vectors with the kaeot of modifying toe 
germkoe have had' Ikoited m$c&$.%- M?k?v^h!e of:iv by 
j«?kak>ri dh^et inoeu'u.rdo?? of vmw- into the geon 
ceib. To dat^, m imrmi niimokl Awn 
cl^stee of genph^e tmnsdiictio^ by ^ene tf.j^mpy eeeie-r^, 
mmmim mmmi maty l& whieh AAV weior^ oodiing 
hntiian faetor IX wete adrnM^t^d to paiienis wkh 
seven? he«K>phiita ^mei) ^mrple^ (mm one of the 
dent^ te^ed sttorudy positive for the vector sequences iw 
pplyme^se ehats. reactk>?v^- : hi eonioist to germ eeib, m* 
h^mm mm^ cm W. mm^md by gesve theoipy; veetor^ .> 
ge-ae therapy ■■%ho^ci\g«i^^l:-y noi he m&& mpm^mmi: 

Rkks to i>atk^its »i he evaluated when- ^plkattog 
vjml veeto^ We nsed for therapy and when ir vita? veekn- 
^tdek njay be em^^ntkh^ed wkh f^plkatiort^-ompetent vi ; - 
rnses ge^ernted by recombuuioor: between \eetor and 
helper eor^trnets dnrtlrg the o^hu^etiirktg proee>:^:. To 
svoid the po^idMtky of dntnxlncdog: a nkj^rob^ihl^ vkid 
l^ithogen : lnt«j the pahont or nesting a ne<^ vsral pjkhOpn, 
human gene therapy *tnd*es ^: : re:gnkted sttingeriiily, and 
the Foo<i md I >ryg Adnxin boad wi pay* g^ntietthtr attention 



to the rnat:^faekhir% |?rdee>^, pixkhK-r ehnOKvierkarhm. and 
toxicology ie^trag of aew v kal vectors. 1 " 

ajNiCM. smtys and prospects 

The first human gene fe«f^ in 
-a pariera wxih malranan.t melnooa>a received jjeneh.^ 
ccdiy axKidk^d antobgous'T' ceM>--, :; " : Skiceihen, more than 
tmmm gene therapy |?iOtoeoj* Irave been approved; 
; and : n:a>re rhnri 300t padents have reeefved fempy. 
Hie <fbortkB xno^r <k^eo keate<3 i$xe eara^er, va^eolar oeeki> 
•d.oru. ;md cy<>de fihrosi^; however, a large number of mab 
have b<ren approved k> tre^k r^rre genetic dbea^, ln : m^ 
ea?>ev. tncraixartk teefrt hs^ not yet heeo ^own. How^ 
ever, a tew meoesses have oa;atxed ? n;a>>;i Ta>?nhiy ar gene 
replaeena?ra for S&iD^ end m: aniekle gene irM^er to 
hiudllode treamtetk of graft ws-ho^i dbea^e oeemri^g 
after dorto? ly^nphcjeytc mfxmtm.** Nvmhi3<<m, the first of 
rhe^e 2 sneeeaives was tatnisheerby the oeeno^«e o^'t^e^il 
mafhpaney in -l of the :pjme?k^ wlm "hm\ hrvofahle re- 
Nponse^ k> gene tiierapy, 

Sonmie gene thetapy appealing for SGH) ^>ee^ne;e the 
target eel b gene n:nrad^:- (HSGv or T eeib) are ^ me- 
nahfctoex vivo etktnre and genehemrahfieatk^> v eotxee^ed 
cells have a *igrdfseant sravivnl ndvantag^ in viv^ v add: 
evea a low e;fi ; k?bi v tey of gone transfer ^.hotrki be snffk:kta 
tor partial phenotyj«e eoTmetknr. In addition > the dskv of 
gene therapy nxe jnvtroed tor SC1D- dee^nse of the poor 
protino^k of ;paOeots who ikv- not hnve the option :df a 
mMe^edwthbJif MSG: irn^pbsn, the: ftrsi gropf -of: • t& 
paiients traeted with gene therapy were those with a<le;mw 
sine deta^hta^e iABA) defiekajeyvl^e to AD^det^ 
eiear: prtie;ars treated with infa^ioas >of their own geoed- 
eahy corseted iymphtx:ytev had a favond>le response- a> 
kte therapy v and protnbk^g ra-vah^ were ohtatned m m\m- 
qeeni ladies: In whk:h the ABA gene was trnrisferted to 
atnk>k>gons HSCs ^ However.-the. mosi notabte sueee^s hav 
heed in tkc treatment of Kdiotied SOD doe to nrn^don m 
dte gene evxircig id:t the eon.tnava y^h^kn/ - ^- €I*>34" bone 
nwrow eedv fmm. .'fec?ys wkh X linked SOD were tranv- 
®m&4 ex vivo -mth ese of a detective t etR>vro4 veeayc, .ant! 
the y-ehein-exp^sskig eeib were reinfeed without .my- 
eioabiation. Of the first 5 pndents to be oeared wkh: this 
pxetoeo! ,4 hadkt'fttvoyabie ?^csponse to I'hempy with eorvee^- 
Oon of thei r irnrnum>daliciedvy aM :restimpi too of k;porm4 
ike. After; the publication of d:ieve eneonmghrg elkneal 
xespon^es,dad<hikn>alpatkdn^ were tteaied; howew*%'2 ; *>^ : 
the earlier treareti |?ndents recently developed idorud T-aeil 
ntatlgnaneies., borh ehar^cieta^e<ihy retrovirni insertion wf • 
^een;: kj the IMO-2 gene. Boih patients are en.o:ently 
eeiving tderapy h>r their t~cef! :trodig:aia?e^ v araltixt other 
treated ; patierav are be ing ehr^eiy rnonitorad for the devet • 
nptneni <^efe;ktM T-eeil evpaa skkis;^ ? 



Mayo €Mn o*xxa xaxxodxx Mm J?v&ii$ m> Mvdk& Gmwmt V^X }Mi 



Thyoaki ox? kim&e g^m transfer was uaoe; aoeoox*fo dy 
in obokeook: lx>Ox exoxoxv ^p$i|>lywi ^eioaxaa wkj bad. 
vcxoa xxn n ■ xb yoxaxkc s k- Bighf patterns who o;oooTkoeod 
relapse akot dxkr abooeneK prooavkxe waxe Ooxlod <a ah 
ii&mt T oel& dxsi xv^ne fet tbp^bsced whb o TK aokkda 
gooo aamo a roimv.xrsd vector. Pkx of tb<i p;Okxta hod o 
favooob.le roxpooae to therapy , and d ^bseque^dv okvok 
op«d yaodo vx-ix^i. elisor , ai xvhxab ponk go no: k*ov x 
;xbrnoktered to cboknax TK--^^lth > e doxw K^v.ph<x.-ytc^, 
AH 3 patients had a favorable t<?^|x>ns« to this misrvenuon. 
Willi ihz mmmmig popidadty of e:dnb:dk:go.n<dx • fxx-x- 
ptex iOKl donor lymphocyte kakaakaoaa ihk aokido goao 
kxTXikx xxxOxoy k of eonakkxabf e Injpottaooe. 

Mxny omerhnoxxn gone dxcexpy a^oks buvo gooocaaed 
ea^xxoago^t cloncai anecdote. Wow^vet, to date, no co$x 
eiosk/o phaao .3 avodkx have shovon efficacy of gooo 
•bor^py prooLK'.^. anci ike poor porfonnanoo o.c cinToody 
axxokxbie xocnaax axokraxx so bo a n^jo? boxona tacax in 
gone therapy . Coxxxk r««h k focnaod on devekxpbag 
bigtakiaaoem^ bk^e^xbio x-ooo^ ayxtema 

dxat xxkb aikxv highly effickou god accurate oonxxkx of 
ijaanea to oxixx ekaues In vivo. To aeoooniXKkoo ike steak y 
stream of oevx koproved vecooox dx precox of oene 
dxoapy nxxxaxh mxa; koxxpome oeradw oyokx of pre- 
ch.okad doxx:k>poxxo. m4 cVmmixl toslmg <Pko.uo S ;x 

Wo i kxVs: Maaoxaa A. . € tak kxxeookakaoa\k ;xaoaa . 



:i Rx-xxa :>x x>.xaxx a;\akkxa iai-J Cos iOxox *yx^ Oxoxo;. /OOX 
ly i ^7;:0 ; ; 5-r?x^..;:aao % . • 

Yumx. 'k'k ^voto^o. l^^cii^iak kx-rx aaooxax <kxx /Sox 

^.WV-s • 4:'.:, ; nO. 

o ro^.u>vi: aC\ Zho^-> [O Toe aa^aa oixxlxxxxx- x^aokookx ox 
ax^axx xay ^Vovi : or J^okoukr sjvUs-- j -x <*«U xv • • ^o.^o * <o>o 

C \hu^y OK MvOV:^;;:-. DO, OkiO^oo TV RNOo '^m-^ndn^. jo 
o.ooaae^in-. tr } ::rrvo>::.U>r:. />i^ /.>0.:v.>v 70<a<v. ?(?0'>o ; : lk-Oo 6-ko 

0 . iOjbl L*>, f karo >M. Doo voj-ioexyykr< ;^X«t x i^V oiokxa 0 osXrkai k 
or ^ioo-::?oo 00 i 0: . ./ a<-< ;V^.%-o/. :>o0- ? • ? « :>upp^ > 6 oS t -S * 6.3 . 

k ik<vsS^oj OJ, H<,aoo>o J XV. V:iii&ycv." OK, ;o<o.y; JM. .oooca oL. 
X>ov;iO$oa &k oOoboaoo) of iator.iooki» O-.uu^^ce viivvt* io 
\ y«< v «vy*o : 0:aas;aoooo wkh >oo j^iaoai-t O- Orsoo^ak : u^o^O;. 
v.-DNf>. yswg ^oooovaat voosoo io>o; Oovo :?o^o. ]905.j:S. XO'V- 

*/ K.i;oo TA, S^Oko 0\vyufe:> Rk i'koe ilvau^ ixoaa^o -y^ f /f< 
ixoo: oioao^:.aO: ^ooa>a":JV:so- kx ooab r«y<xvs:xUai ^dx^«i. 
OV.o,v .??av. ., 

^ A^ooad 0 : Cs^ak fX-k ^>oyoc; OY , A^o^oo; O . ;kooo>^^o^O:ioa. 
ah:^^oo aao>x?y vt\il ;h^<kw<v>$ ooov^Oooak koax by 

».i coos i a a uwa^o oaoao> ^k^Noo'v aa:oux:. ./ 
: AO^r.<.^.\ ?O"0 s > i :*OKO>; ■ 0> 

a>ao:: : v C ":>•> r OOv.v;- r a.sv. .X : : : . 0 3^ 5 - .oO- . 

10. Mtf>* TO 0:>::<-: : 0.::-.; O %V>|j^^^ HO. - aOl^O^ n^- 

Oo>oo aa ooaxv: oaa^oo:0 po>^o av?ov oolO. aoo aooo "O?0a.s : 
.iaa:oo':vxoooa. 




ragoa? e:. (kao Oxox^.y pv<xaos-<. }r : preooaioa^ cyclc.% vooiov^ 
oro do:ko:a>oi, Ovoutrooioax xxOaf. pcTfeeted uxk^ kxay $ko>v 
: aokv% doo xrxraa^ okniaai taatbjg • Ma^oi^iid^ >tp?i^olo^y 
so^doix aao} oioaxoi dowaaoojo^ aorx kax dxxxkoxl a> the okok 
c<d. ax.dng ovale k; wdkh eode^rx aec keatoo. oa?eoma^ aro 
ooaiaaaads axe dx oldkaa; ;ara^eoy c vox-cm. <dxBO;k ooxofsx^a 
o-ay kad bao>i iaro bao pxxiaok.d oyokx ^aid^na; tee o^oaat^o- 
tk>n and ovoaiaoi oldxeai av^xaak>0 of noo-.. ixxxcoxxl voai-xx. 
(jMP o g<xafxaeox f aoxtkrig praadeex 

r5 . FUaov Cv Ckf oa xi. <;a : OsXoo x , 5<^aro H. xo:Oaa> oo^o aaaoa^y 
aioaoaao : Oy ax ooraeo aioxoos vkoo voyioaaao '^ixa^a goaa- : " 

^o::v:;-i;>Nif sv-!vO : dXOCii >^ai> . >•«■ aap v arsa^O} C;»'.a* O: ^ ???cv" 

ekkaoixkd- d ' : o^ d : < ; ; ' 
la . kaa-ixo LC , xoyh-aoi A, Wkkoo> 0 : ox <0. R^ooaioo^ krrav^xa; 
aiOlMaikio. of aa aoooo^xaa vooax 0: aaaaao o-Oa kxaliy 
xXtxaa a^ooko* i xxeo a akoo I xooy of x<3 >?ooo 'jjxojx^y . J o ax 

<kfe:>k : ^M^ 

1: k aov>a->:x M % Vo- a, A rjooxoo W r Xkxolaa ; if ki Ok. Katoxixa 

•o.;xa>o;«xa^a^iod laao-oooOXr of aaoaoo N ;a oyoxa Gr 0"xVCo> ) 

^>axax: x'Oladyaaoij of kaaa^a a^aaaganiia .^uw.ojjji. ooioo f.aoux>' 

■iSV.v; eax-ax-aaoaxaya 
oO Xjjixxxao, :aO>fas K'a Aeeoxx v xo;xa< oooo axxiay *>v.h x<i}ioxV 

::>axo xxaaaaxo x>x Co'.a- oak? oo-kof ^^xko?o.v . .;f.^x \ > Xaa5ao5a\ 
ay Hav.ka^xx: KJ S^Oyv.^ a\ kaOaaiaa a v f< Manx Jf\ Ylte R(L 

^oaa ^onspy ax x : oo<oo oonoor : oax-axi oaiix oaa 1 foio:^ poax- 

y^aaa a 0; < a. aaa • ; xaV: ; 3.^-12 ok 
x>. 0.exv< x ,aOeorOx>e U k d<avvtx J A, koooooxaalS< €oxo?e dooof • 

aoi-aaaoi at >aaxor vaixiao^ a^o >;clk : l«o:" i ooxaaaoxaapv. J Chx 

ak:<a..oao-a.0.;V0 axaay. 
00 paafaooo X, x :o>Xoaa^ A Jx^xiaa)<ik 2>axr?j Pk :Caooor vaooi^sa 

aad aoox:ooaa^caox /.a- aovxaxo xXk.ae.- iaex^ 
•aa kixak H. k;ox> a, i^M^y->s> O , kar • jtK\ Viio kk. loajoio' Cvd 

aaaoxaoo; X B > eaxOa^aa<>x «x>ko<oo-^ oae daodxaaaaro or 

iaaro>oxaio- oaOaxrxa^ 

c,oaa.oooa.r ro:<aa^rxe aaa aoiy- jxa-eax :x<xa>oO^;> axaaa::0 o ."LTfi^ntj- 
aay. cax- /Oxo iooaooOaa.x.aa 
fk. fkxi:DN. ^Viidxo Jkxa'xo/ijX A.^..:exxootouoxo:' oxoar ao?awc;y. 

aO:a:>i l(i<(>:XSxil- I999]'>(r,\ : O-aXO 0 yO i. OX ; 

an. Kui|xx y:.Oax>Oxv ; k. kk^ai V), kxxirxx V. IVll lo.oJ cv^kuK-s. 

ayaooy .k cajioxr aaoo a xaayy . -Va Ox- a tVaaxo. aekaaaa; 3^ M>90. 
xt . i. : i ok k> a.--<x^ i-ao? o 0 . 1'iotaiooo a : A . Xoa v < oo aaa^ a<a • ^n-y ai 

skO.oaa ^VviNok: : - : ixooia x>>.aoy. a>o«v Tk&\ 2(>kO evok-oax. 
a^2 . oa^:xxxxo .avxkaa^a ak Ooxxao^oKk x* ^Ma>aiar^xorooay af 

; i aaoooe ON;X va:xOO ;-aco<ia;x oao^oaO : xkxv oo m vxitk&h^itU- 

O-oOa x-xiaaan : a . Oxnc<-:>- xxv. Osaxa:a 5aaa-:>a 5 . 
aa Oi-avxijor fx Vxakiax a v x>c.ax'> i&d posxixca-: r.;&wi ONA jj^k* 

vx^xxx xxoeaxxpv- oOsO-xOXr. ^:.o>.:0rOaa-ax:a. 
00 oiaaiOao-a M % x^axa^ t xaoo : o:af vOvaax a> eaa aaO aoOaaaaa^o 

i.iv-?iv^i.-% («Po::T/, : U XXX OWX i Of. *7 W»? i' : i ?'a<-\?\ X<0 ^05:^0 5 - 

axk 
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2$. Vi^m^Mii V'.. TU-:><m:< *T\ T:X.<*>xo; TS . tKA aaaooao id-is' ■ : : :d 
vkn^ko^s^'.of DNA 3div\r;y v««i.ou>$ for >:X:X 6xo<fO:\ 

.2$; M6kx Mi. Tkoixdkro* : YXk6. £ r^fcijxk*- ^p<:^s<n^o^fjiv:^^<^b«•fe^^ 

K*X: ;03-X2n. 
23. CkykPS.^ 

63w ^^mM^lA^.- ;X>36; • i 2X6 
';Mk '-OcM .5 . Hfe^lf^pv^?^^; 6x:oyy s^^^th^, for dk%x 

437,36?/' 

;26. M^fJKJlS! T, I'tiikm&i*. . ; \ v iM HM< ir: 'vivo c6:x:6-oix>Oskr>*x- 0 
^V&tfcts&d cX0XVOk6X:}X «|«^«$A>f : :'«f:«IX'4i : a: £sko iriimfW-** XXXX'X.'X 

of fi y . >?o M-o\ :$$M, 
3$> ^^Ma^M c M> VJ % -4>:i^te .6X6 Coa^c* k;xi DC- , y6ixx> s^s* 
lOux &*>aoyv m iK- xosul xVyxxo xoix;q>s x> rssiUy. ^V^vvv^^.- 

3 i , Mkkv .pi, , 61 :M f Xi 5> V . X6x?ok;6 36 : . > SottO^xxviXi'OJX m$$)m&;4 
PNA 6x6ivixy >>y i6xo6>>iix ; x^ykxokkt. 6x\«o<;o t><< 'M&l 
:20O2x27xl \%l$4 : 

$2,. %i0m : B. : . tn-ihz b§§\$mig: »'• -mM -imgix -mpliM* &sxxxlk Trends 

33x Do&xxUkxio M Vk(o<x> hi ih&'&py ir\>yi^\v:>ft<^of ;^ioii>-i- #6*i:3 V7/ky- 

jfr*-. »3c9:1:2S$nx< i , 
34. 'B^^^v.l.uxc^r: -G.l .• h\ Inizci&u iim xx XsXo^vioJXv^ 306 x&tfovxFsl 

v>x ?x-f :x iyo>.«f.if D;? iiMX'k;i:7> :266 3 ; 2Xk\s - 3 1 . 
33', k*o6x: S ;.-Oi««ov 'B N .'xs ; ;jgx-- KZ, <x x6 R^ivoyo j^ x<?xiixx 6^£0:0oo 

i-rmit :» 'pX^lt^rr^: . &rgfe&> of- M6X3X? boXx- 6>riX6XvXO- 

j>: jp»|sti n$ .cc ! i s . 8h#4. 2003;* *>1 - > 6 i W< • 
36, ^ Hi . B^jiooH ' , C^m i B, kouovf? *j <ou:x^>x<<xk ox tui&- 

iioo;i> -scji'v^xk^. Ti&Mfcr^kfcz H : ^- : j x^-.t : l-^T.i : l'x ^ ' : -23. 
':>?. Ki^ff V T. ^.oauvrxa^ vocxOx^v siif fk^oiex i«x<i hojxx-t b< s k>?>; -'c.JxixicAi 
•riiws dfs r <)?M Mv!. Th<->- , 2m i;J :3 \ Xi-3 36. 

DVmbii? O'X, V^X'a^O^^ R V - Qmi: Oci^.SU^. tX: 5 >:> hr :.0<ii:C :X^' > .v.OX ^>fv<- 

geaiiox i-Xirul >*>:0>"' rsfox.rvrxs; iii?fJ. px^feien^ . So.;;; ^«,x. 

]094;>;2:;?63-3^ 

de s%xi of :r^xov=Ri^ v^tors.; >fo; W^i- ; I \ :. 303 xV > ? . 
<^x. KocosooSx Scfe.ter <>, ¥o^x;r$ (.-. i3i^h-c^^i;y ••^ji^$ s 

t'Xtehvii v?v:r:<ox X '? X'>x>.:>? M-v ,^x>\ .2X^i ;3:3:>^-4o3, 
43, >o MoorhVi E, iOkXss ^,3>i^oo 3" A . G^m^ K.xx MA, 

AAV -^ro?.xp«3 x«:xfi\if'$'^f^^>\^J>- j;xx$^c^.il«<o ^xovu ^oxes m 
A^' O<xo*3. 2003-34;3XX;^3^ . 

: X3, R^?i}R>V.-i^.?S,io|fl^>:i^M 

XCiXis for ^ X:in?.xX<?X. X^;0:: XS^;;X^.^/>0/. X0O>i^>;<XVx^ -43^ 
^3, EUrto« HA, f :; .ak IXk ^ovi^> : K-X. <hm- ^Viiy^fY' «xio? 0<?x«?$ 

Xiinipkx .varus xv-ci:6f:X x^xycv^XX^X. 3xX>:o33: < xB-:>3o 
44', x3=jxxc>u 0.3.S Bai'Q : ,:<:kn«^ Wx3 Oim xom K3 U>^3fkx-jf^k«VNi:x&^«vo. 

j>v?ixooxix X!0ov^$ ;Xi triplex v?#ox*; -M& pvo^vscOx^i, Cmv 

43; ^jo;M:lM A> X3sUi 0< Pxt$^iX:j.X>« vli^^o Xhrxspy .i«ov«k 
k>v,-3:x1 xiimc M 2fexox; 203- s 206. 

4?<. i^mlx^w- ,B3»lx>xg. B}<x^x >, X:>. - NXXiX^ 
ix^o : s>uts>d try k^:JVM( veo^>x d^tly^?y c^t X^0 
<j>f Fj ; r.ix^$oo^ xu$x->!:^, sXo^o 2O3J0;2s« x3vyxxt73. 

3?, W»f)g : . L , .- : M«f jmsifc- 3 Si ,• lit. V , oi 3x. D^.<i^xi 

<sl>Nil : ^xcv<r}?x ii i ^xai Osyifrvxix^x-i^^ii^oo viOvi ;pokX« 
Y«x.x>'v.^xy -ijii- >: xat x^xxxi itetkxm&y-* &\*&s$i>, 

4$.- Bioxl-Kmi vX s 0 N x^<^«b:av! CX C^^^v^kii B 

Ma:id^v & J . ,To>viw;fs ■ «omv.<pXOttx^Xy<x: ^.OX; its :txipy 3<x Piul?^- 
sO^n's; sUit&si&z: too of sOiyo.ovXxjxx , 3>3>, .¥ XiOii k^^xivi^xxx xocsoxx lor 
^rso ffK«vi^y :vj f.?DNF to ihz ii'ipmimi$i 'sxstem. i« ihx x?.X 
^Sxmsoa «x^, . 2^B^^x>:^2-^; 
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33. 

543 



3x>. 



33 



60. 



o3s 



65 : 



66, 



CuXivsivio A ; W a v6 : ^f? ;J?X , :1366s f ox>ovf .'i, A^YX^wi' ^m>fr?<f^y.Mi4 
H^m:^f>L M#$3-*;l 48)..- 

E:x6a>v HQ.. Kxxxiif; CM V^C'.or x^t^Ov^ ' mxiOxxk 3:xd sUXbXv6f$6 
xxOsk;^ios I6v >;<<: ^5:f<:>oy of :x vWOor •>. <3-.\0- <>V*i\- 3ox^:x2:'3Xf: 
f; 363-3^3. 

P'h«i*«g Lx, Aikxo Csik'O^ KW N >:•>. Uso ol o v : ^xfx>o sxiXsiix of 
oxc«x^xx >-0"Av j^x^ist v ^aix^ixXio3 vo ox> xi : .iox v-m. 'him • • *6xXc-6k: 

iS)6XXO^ iO .'m- iX>:v3:1 i:6CX<35^sisk A^VOvO >^i:;Xris <3)^;3> X?X< }X:ii3x- 

r&tmxA^mw tits . 2(3x3:3<3::24x>2-2360; 

&oxxa<x VTis >V;:;:jk3 D:^:, Wixt i;A : : ^ x6. A iX^xx6sXtfn:;Xs 
m-eikx^t tv<: s ;jf;cux>j?e :<«i0' : x s .0kx^oi ,ixS.<?xx>x6oi! ytu^ox ^xv^xy u> 
Jis&«63 v"0:v>>:- Tr>?r. 3 : '3>X ; ^6.433-X33 . 

.^;§:K W ; H6s<;>:xjJ 33. 33r;*f ^cim mq>pixi\&, Ciitr Opia XX6>s<x-6^<>6 
:^^;f6:433-^A. 

L051X M;i r 6oxioxxx>o vVF . Ho0 Pi3, Gooi^X oM. Xi3oi^y ;. pr^^v 
o;»5>o.x sko" x^oxfk ,|>6^$x: ? ^y^.|i^x?oo. xxf sxi-^y ;xo:4 : ^fOosov'-- >,4 : 
h^fjsifii: x^rxrkxl 6>f6XsO?x^ r Xx c3si6o>-6^^^ ^;>; rcXroXix^ v«ck^;^6&r- 
;i>x x <ioxo6^t oex;x6iv3 XxVc'Jwx G.5 x:x>^xoi-v; as i:i3t > rs:cx > 3'urix; for 

XOiiXrOX:76 X^XCXiXOXXvX .:X?OX$^jXiX K>363>X, Him 3^>W. 2X!03X s 3 : 

::3;lr3 !sX>7. 

fkxiO.^»xi-;.i. A<-%rkx«!-jy;:i N', Twx && : .ot xl, : .A« 3^X3>ovxx6X wjii?; 
Xtv6>asvXsxi 6x3x; Nvkv xwxU&&*. iW&miUw Oi-XXXXXkiO^'^y oxx- oxsiO^O 
v3iucor iitite ioui xdioXvx. ;xx\siX.6vx of ::ex.x xx:>o^X:3:<o 3k-3 33^y\ 
2X^1x4-333 -233 

636v<;tuk M, TVx^oO ;;.^,Mi^kv <k Qm X> <$M M. L 
'■Unm^c . mmimws . -k> ^om?viyjj.!>-'i«u ; ; xx%uv^<^>#'^; -vis-m is. 
humm- Ck??<- y>Xivo. i3^<66:i 3 3.X^333.. 

:Bv%mi>gt'Oi> Xx;k L.6oo'6iik633. \oi>>' k(2. 33c6^sv.?Xpxii:;jXxxi wuuojxxx 
s?xxooX66 i:v^?ipoixxo x3 r xxtocxr s<^fe : ik^^^spv ^ox^s^fs^N? ,X.-6- /.>r?xx; 
^.xOvXivx. 2sW>X<6Hfo iX^f. 

6x3?xoXi A, 6si6asX:3^ <3., i,<xox6x<5.x3x A. B<Xv^i3o ■£■> N^kkkixk-, 
EX6<6osO §<?iX' 6sXkv^s X a^d ^j:p?to<s ft-sp-Rx^.kxx x> 6^^«sX?uy6^ k> 
.vivo by X;y^<XXv^6 k^6y.^:k .yx*OiX>;.X-. /k,\>v fe>y> Thtr. 3f«>33: 3:243 • 
X-60 

•i^X«'lk^-fX XkiUj^it iMzvnXiX A v v-XXk A X:XiO3<ip0^^f ;feox1- 

bivx^k kxx> xox oxxxh" ^xx3ff>x >«j?px>y<3o« '< >i hi^ioy cyo^v^k x^^^os 
x hkh kx<x^oi xtoxv x-ui in m?(ste>n&im*&$'? ■$iy\-#imm&k-'Q?^ 
3«K;X ^3^-903^ 

Djjxdi ^ >: r>k^-'^M> sXOXs £k3 -O- (i ;>««50X ME x ;.M«srfe K':x k«x^ 
x3, X.i^OXssliyx.^v^vx'k rcs0^6i^y^x Jox «:ii6iok xx^rtmiZ, BH-^d, 
20X63 362 :43'X496 . 

Ai^y 63 kiv^ik;. ^, 6Xxik3s;o 3> <?x m.. y \&£mximc : hm\^}o^m 

$yr6!X:k* k* :X: :;rOiX:X:.y:>s:::.v>.OiC sV: Sv.^ e AjyiCrOiXXl :^ri:k;iOi^ -^V-^UsX^ii 

fe^fe ix-?kv^6t<fsX , Vo^sov . 20x«.h-x36:X^Xv6. 

May C. RHofia k. 63ss:.d6sn>> ,3.. 33v!e6v:r ; 36 S.:x-vxxxxx6 .^.X6x%xx. 

i't'f nmiiiiV ' iX^6v3tv>fes ^XOOv <x:vcOy:X6:u 6y ooosXkv of ihz kuo;<stt 

3x:6y^bkm ^J.av 2;6>;>6, 2X^33)0; 63: X> 3666, 

!k3vi6L's S v^3^kxXuy M 'Tkox<»^^3Xk : ^Jokiu ^oiie- - ^kv6cx ::Xio>x 

Ic^iiv;xx6 X'u66-y<. X : 3^v 660>: MM . 3662 XX303 -3U : 

f;xxrk Kx, BXO^iitf 3k;, -i>6volx>j6\5x v ox a:xf CXXXO0"t;O 66x66Ji 06 

.YhsV^po^it^ :?a{>s , <hK$^? : (&w?^n0- x^6i>l Xi>X6>- 

. ■>•>■ 

^sO:ikxiX:xx> f-x, Luoouiki JX G. 36ofe M. kilsxyxo^ 6, "66o xok of 
iXXOOvbisXX^i hsi.r?Ki» oxv&OyjX^okk xXpixi h- 6r::omxx6y<x6x o6 
ih'y<xx^ a:Xa:yx6 in ms&j&c m?&<>m,..&zr ko> 

ikyi:: P y Ss : 6'v 5i: 3 • A> kk66ikv ik xka6: J63 . XX^uXi O: O:' O^OiXO^O^ 
•.i$hl Xk?"6< : 6XVX kv Xl>:.V^yCVv;.kxX OUOe XflX::; ^ ^ft^J^^^^^J^>J?^'6": ; k>>X i t5i?'■ 

x* 6xk:;xo ii$ v;<ci ioo6 vxxxok 2?6><;m6 i X^n 3x3^ 5 x ',. 
^xoXvOXo^uf 6 , 0v6k i>- X^?>fo 3ki :M<<cnm^tm 6:iXvk«ix XO >a: $06^.06 
Xcy<.ytx:k>ji xk ; : 6x6aiax^iyi<^ .Xo o6v ^ ivy 3-xvycyc6x:X-:-:>>iXu>:3 : :.f 66v> 
6cov<-yy tern oo^ciO:^ . 36vf 3 >> : yr, 2^X3:6x?03-kk 3 . 
K.ov^>$ky ML, ix6bX:ixx 6^3, Bkx^ HM .: V EX^k #*m. &Xm?:y kx 
x>x?:XfX>x>^ oyoOvXk vXnyijovyxxxX-iir d6.oco^: , 2 s ; y^6> 33yy;Xv>>^vO: 



xaa u^v« • . j>w;. j ^ h • k> s w ^ <n? : : ?^osv ^ 

.X : iXAX X X XX>XVh i i>K* , ''j< v X ■ X Ai v^iViv^;!^ } X\- X,} ■ 

^xAVitf:* S^CiVi^ 2 XXX UXttS.tW "X Xi< • XX^ AsiA VOX r r: 

Amxxx x"x xxxx i A Hth$&< a . OAv:A^\xx . AAA > A.A : xO • 

aa^A;AA " * :: 

Wy i.*h<\r:\ Ax M^sw^ A. K<x MA So I Ay V CAxx \*zxi\ cv AkSucc 

xxyxx^xx.A ^?:^v>^sJit^ ^x: iir^b AA*uxxAx Axxxx Axx>xxA>/ *A 

xA : rxx< Ax- v xxx.x > V^yrxx r ; )lv^ XX n> AXx 

:^v<l>ivvi:"5 vxxxx>yA?.>:A^ vAx^A:AA: \ :«tt\>X. ^\p<::sX-s >:AAAv AA 
-XXX^ VXXXAX XA< ,<AA A* K.\$. 5 AA 5 •> I . 

72. ; >^.A\.;\ !!,\ KA! ■ : O A .M.L- <}:'-^V \ :>^:^:«- .f 4 

AA Ao!o«vVv::\o A:;xAXAhvX::\-<: <«x! tttWXjVj^o .^^XX-Xv ^ A" 1 ^ 
0'S.:">:v'nS;o« X ViVtf :->y v):.^:>^ ^V!>xAxtt XXvXX^rA: ; :xA:x X.:>:ioX 
^U:«oXO^:<;0 XXVXhX.X ;X X:X XX XXX. AAx- X> ••>}>•: jf '■:¥>'::, 
lAAAAvAAA XX; 

*AA Xi^-svN * ; X ^.'^>.vXvV AA Hoi* * \ ^ Ov v s ' • \ n sO 

;X : X .<>;.:::> kxXXjXHTXv yXvX k>: XX" ? X-X : Xy X ': i;XX :XXXp> . -X •/ 
AX<- • AAA ! 999AA AAX A9\ 

XX XX^yXxX \x. H^vV AxvoX AtX C ;x<vv S<A.X o.L Uss;>xss^ x^.vx;x\x AA-: 

XX/XX;XlX:> XtA XVXXUXkA kVuXX% XXXX'X.XU' , "< 

AxAAAx AAAAA ' * : ' ^ ' ' 

?X ArXXXXXs X. ,A«V: fc.S XA B. X, A tti % XX :Y->.XX:>;:f i VsOttV.X AA 
XXXXX" XX* vH>::XX:AX^ :XxA>X X<& .iV: XXv^A siy-<:>;;::;^C:-X . : <X 
XVXXX^ < : AX- S / Xxxv? Xs'iX^i. ; '-r i - 7-X>. 

?6, *^x x.R, i ^- xx U* - Kx^^>x.o v \ , x A . x<;.xxxa tmxx* -'-"xx 

}>^;x;^X: x-jUx ^ vi«;-!Xi;:!i;:: ixxx^xx ^v^r xhyxxixx A:rXx<? x^-x ^7 . 

XXX CXXXX v X- n --X^X.XXX; :XCX^ Xvn 'X :X:ue XxxX^>\ 

^xxxH3x>:l/-- : x:X. " ' ' 

XvXXi 1..^ iX X':vl! : "; O-.xi^ ^X : :XX' CiX: ?HXt-X>^sXnXC :XJ: ./OAXS 

>xx v - i > n s ? N : s ^ N p . 

TX r S«v-iu \X- cxx- 5 i M < >vs^c ^ v uxxi?v vXuX ajxi Xih -ixi<xx \ H< - 

:y y y-:: X>XX . X:^X-. ; .XXXX, 



C«V •-V^:c-<XX: <:•:■:: V:> XX XXX^xBx- 6 . >X Sx ; ^V Bx^X 0, XXX 

tX^:x^-:v xxx*xx*i vxxxtvxxd xxxxii^>:X^lxx?xy <5CTi>>-.X.i 

U.XXX, XkX A>XX* S A X 5 .C-X^ ^ , r - : kX F . X i : . > X ^X: i. - 

:>>.:.:; X>, K'Xi.ukxi nwXv :X\>^ , .;. : |.X«X^ XX^H^^<Xo:ftx'>: <X> "b>- XX vJV)> 

X(x:<:- X^xxrx- A x^>A x><:: ; < x *y: .x^>>. \ m- i XXx 

J"ixx»--A/s -X,X<<«- ^xx v ; R.Xlf C'.\Xxx«^ : >xSx . >^ x . A $ivX>^s x<ivxX- 

Wiitf : : : :JX-;. xUX-.-.'.NSUi! j&Si:: X^X^X -" v:: xA^KCX <XVv:X <:OV&Witii 
:;c;:u:v0XsXA:^:: : :;.^ i.iXXX A A^.X / A^X>.XXX >5A 256, 

H^-X X A . Y X> J.: :;X : . . VV^^fKxXfj AWwli. A.A V. ;r:^XXX J > lxx- 

t>x-jxv iw>:.v.K.>:.;::uy; . T.^xxv Xx xViA. <;: : c%:</:XX.^.ys>'x: A^SAx ? Ix^X'- 1 x5i , 
kxxx^<v.i:v T. Aix^xvjx f 1 . MuAcxxx C, XX- ^vcu:^«i xif ?vb\k 

• x<"vv >:X - .v r: -K\f< :':>-^ S t« ::: f>< ;•: ^ } ";f(: ^ ^j.^fVf iV^vX-h 

>:..>.«{ <v>X> o!';X-: MXX cvXX:X . C Vi."'' ('friit A'^A jxH^"- 

Ax. 

A<X:d A, M<> -S . A:AxXX>:A r . A:. H«?r:.W J>.f.R« OTSiiT 
X::^r.:rXA >^:l>: ; \4 }j«;:v<:^ ^^mv^il^:^::^ ! v f<% p{ :< v : v^- k>« "nX- 

h x X * Am* s.^xms$X y W;<U&z<i X- : x v:;><<s At A* mux. /Axe Mxti Mvrf 
A.: AAS'A. AAAx^X-7 XX>->' 

AAxx RM.vAivw AAV , A^xxv A ; :.y x?. «k T • y<>->pi xx- y :.x-<t:-cs.'<.1ixi 
Xxx AxxpA vX AAA- ACx.k v-:AA >Ax xxxx xAx ^ ;xx«:;. 

\ {<:?:< C N ^Xk\>- 

VXy^:oX< A A:>>>A ; i <v, M*« "k -tei. A , • <<V X i-'H^xA -s.««i>U> s. Xyf0;>- 
Ax.vXxAr:^ ki«<is»r fx^ ? :-<a>. Xr ibr ^^.^Kr^tX ^r-i A x :: w jn X>:;X AxA 
exx xxx staA-xxxxx-A^Ax^XvX. iMfik-ai AAkx>, ■>:<> <\w$ x>x^xxx> 

MsVi ?fw?i :A<:^< ? A"°^ ^;2:"A> 

A^X>X Of U $<:-5VfS«X :^vixO.S t vt'f ■>:: vf:«1 <X' o. v i wAx? X: A <«mi; 

Axxxy Av XA: xxx >xvx^ v.xrAxxA xxmxx- ilzfkksxy AA- 
Ax AAV: rnXUu>:: X? >J;X Xmx<X<::: A>XX;X; <;:: AAxx TAer^yx (AAG'l'k 

^>a<xx-maa a:x>a.aax-;:x> 

i\A>xx:> C. Ax>xx x, VX;;xA:^ A,x^ <A. rkSV- TK prut txx.xXT 
Axxx iymiA^xv^x )Av >;:c:vitrol <A UA?XX:"XX XVkX-X-evxU:X'XvAeV:>>;:. 
As XviV V . : 99? . i Ax xx x . i ; >4 



l^ifeer on Medical OencHxilo Pari X! will appear in Ifee January fesye> 
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